There three parts ofthis apparatuns 
"part of which is constructed 20 aste form 


“12 em. The lower partis bent upward to 
form a bulb as shown in the cut... The bulb 
and: capillary ordinarily contam smell 


radiation ta and fram bulb, which need to be considered 
nection with the ordinary Beckmann are unimportant or tionexistent for the Menzies type. 
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3 According to Dr. Alan W, C. Ménzies and S.-L. 
Vol. XLUI, p, 2909, Nov. 1921. 
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The New DeKhotinsky Electrically Heated and Regulated 


WASSERMANN BATH 


PROVIDES A DEPENDABLE BATH for SERO-DIAGNOSTIC WORK 


No. 14336B 


The DeKhotinsky Electrically Heated and Regulated Wassermann Bath 
was designed to provide an easily operated, dependable bath especially suitable for routine 
sero-diagnostic work. It may be used either as an inactivating bath at 56° C. or as an incu- 
bating bath at 37.5° C., the change being made by a simple operation, which will not injure 
the thermoregulator, as has been the difficulty with older types of electric Wassermann Baths. 

The DeKhotinsky Wassermann Bath is constructed of heavy copper tinned on the inside 
and covered on the outside with a heavy case of asbestos-slate finished in white enamel. 
The heating units are located in a metal tube at the bottom of the bath, where they are 
entirely surrounded by water. They consist of two mica strips wound with spirals of chromel 
wire. Provision has been made to enable their replacement should any accident occur 
causing their injury. The regulation is accomplished automatically by means of the 
DeKhotinsky bimetallic thermoregulator. It is provided with two pair of contact points, 
which permit the introduction of either one or both of the units into the circuit as required 
to maintain the temperature at which the thermoregulator is set. A pilot light in the circuit 
provides a visual means of indicating the working of the regulator. The thermoregulator is 
easily set for any temperature desired by turning the knurled knob on the side. When the 
thermometer reaches the temperature desired, adjust the thermoregulator until the light just 
goes out. The bath will then maintain this temperature until it is reset fora different 
temperature. Two trays are provided with places in each for 48 tubes up to !4 inch in diam- 
eter. The holes are so marked that the location of any tube may be indicated by a number 
and a letter. Size over all, 11x11!<x5!s inches. Furnished for 110 volts A. C. or D. C. 


14336B. WASSERMANN BATH, De Khotinsky Electrically Heated and 
Regulated, complete with two trays, thermometer, connecting cord 
and attachment plug, but without glass tubes.....................04-. $65.00 


For Further Information, Write Department K 


CENTRAL SCIEN TIEN; COMPANY, 
LABORATORY fF) UPPLIEX 
460 E.Ohio St., benicals 
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DUBOSCQ-LEITZ 
COLORIMETERS 


Our Own Manufacture 


No. 1595 Colorimeter ‘‘Duboscq-Leitz’’ with 
cylinders 10 cm. high—Improved form over 
other types and manufacture—This colorimeter 
represents the standard instrument for the de- 
termination of nitrogen, urea, ammonia, crea- 
tine, etc., in blood and urine, according to the 
methods of Dr. Otto Folin and others* It is 
furthermore available for a great variety of 
work in physiological and analytical chemistry 
as well as a number of determinations, current 
in industrial laboratories. This instrument will 
yield results, accurate to within 1 per cent. 

Complete with two sets of color intensifying 
glass filters, in wooden carrying case... .$140.00 


No. 1610 Nephelometer Attachment—W. R. 
Bloor’s Method—complete with strong source 
of light, for No. 1595 $80.00 


Write for Pamphlet No. S-133. 


No. 1625 Colorimeter [ElE! with cylinders 5 
cm. high—Modified Duboseq Pattern—It per- 
mits the same universal application as No. 
1595, however is simplified in its construction to 
meet the requirements of an instrument of low 
price. 

The lever movement for cylinders is a novel 
construction which has met with universal 


approval. 
Complete with two sets of color intensifying 
glass filters, in wooden carrying case..... $50.00 


No. 1640 Nephelometer Attachment—W. R. 
Bloor’s method complete with strong source of 


Write for Pamphlet No. S-148. 


We are the manufacturers of the following addi- 
tional colorimeters: 


‘“‘Hellige’’—Universal Colorimeter—Pamphlet 
No. 150. 

“‘Kuttner-Leitz’’—Universal Micro Colorimeter 
—Pamphlet No. 104. 

‘‘Myers-Leitz’’ Colorimeter—Pamphlet No. 123. 

‘‘Epstein-Leitz’’ Micro Saccharimeter for Blood 
—Pamphlet No. 98. 

‘‘Sahli-Leitz’’ Hemometer, with‘‘Kuttner’”’ per- 
manent Standard Solution—Pamphlet No. 
105. 


60 East 10th St. 


\ NEW YORK 
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IN JANUARY, 1917 


THE BACILLUS ACIDOPHILUS 


was introduced and made available to the medical profession 


FOR THE FIRST TIME 


through 


BACID PREPARATIONS 


which were created solely to make possible the therapeutic use of this anti- 
putrefactive organism the Normal Habitat of which is the 
Human Intestine—in health 


BACID PREPARATIONS 


TABLETS—CAPSULES—LIQUID CULTURES 


do not now and never have contained the 
B. bulgaricus—either Type A or Type B 


LITERATURE—BIBLIOGRAPHY—ON REQUEST 
Guaranteed and Manufactured ONLY by 


THE ARLINGTON CHEMICAL COMPANY 
YONKERS, N. Y. 


“Just What a Ligature Should Be’’ 


Armour’s Catgut Ligatures, Plain and Chromic, boilable, 
strong, absolutely sterile, 60-inch, 000 to 4 inclusive. 


Iodized Catgut Ligatures, non-boilable, strong, sterile 
and very supple, 60-inch, 00 to 4 inclusive. 


$30 per gross. Discounts on larger lots. 
Also emergency lengths (20-in.) Plain and Chromic—$18 gross 


ELIXIR OF 
ENZYMES PITUITARY 
—aid to digestion and vehicle LIQ UID 
for iodids, bromides, etc. L A B oO AT R Y surgical 3 
SUPR AREN ALIN PRODUCTS obstetrical c. c. 
SOLUTION 
—astringent and hemostatic. 
ARMOUR 455 COMPANY 


CHICAGO 
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AMERICAN STANDARD FILTER PAPER 


Suitable for all analytical purposes other than those requiring the use of a 
paper extracted with hydrochloric and hydrofluoric acids 


LOW ASH 
RAPID FILTERING 


ARTHUR H.THOMAS CO. 
PHILADELPHIA 


While sold by us for the past twenty years, the merits of this paper in compari- 
son with standard papers of European make were not fully recognized by us or by our 
customers until the war scarcity of foreign-made papers rendered its use imperative 
by many accustomed to the uce of more expensive imported papers. The continued 
reports of these users as to the satisfactory performance of this paper led us to make 
some comparative tests as to its rapidity, retention of fine precipitates and weights of 


‘ 


ash. 


The results of these tests show that as compared with the three well-known 
makes of foreign paper of the same classification against which these tests were made, 
our No. 5160 American Standard Filter Paper is equal in rapidity to the fastest of the 
foreign papers tested, equal to all of them in retention of Barium Sulphate and equal 
to the average of the foreign papers in weight of ash, one foreign paper showing a 
greater ash residue and one less. 


5160. Filter Paper, American Standard, as above described. Each pack of 100 
filters is packed in a convenient paper carton, so paper is kept clean until 
it is entirely used. 


Diameter, mm 75 90 100 110 125 150 180 
Per pack of 100........ 13 14 15 17 
Diameter, mm 200 250 330 380 450 500 600 
Per pack of 100........ 41 .57 92 1.18 1.60 2.04 3.55 


10% discount in lots of 100 packs, 20% discount in lots of 500 packs. 
5161. Filter Paper, American Standard, as above described, in sheets 480x480 mm. 


Per quire of 24 sheets 58 
Per package of 120 sheets 2.80 
Per package of 480 sheets 10.15 


Prices subject to change without notice 


ARTHUR H. THOMAS COMPANY 


WHOLESALE, RETAIL AND EXPORT MERCHANTS - 
LABORATORY APPARATUS AND REAGEANTS 
WEST WASHINGTON SQUARE PHILADELPHIA, U. S. A. 

CABLE ADDRESS, “‘BALANCE”’ PHILADELPHIA 
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NOTE ON THE RELIABILITY OF THE BENEDICT AND 
FOLIN-WU BLOOD SUGAR DETERMINATIONS. 


By F. A. CSONKA anp GRACE C. TAGGART. 
(From the Laboratory of Dr. J. P. McKelvy, Pittsburgh.) 


(Received for publication, July 7, 1922. 


A comparative study of blood sugar methods was recently 
published in this Journal by Hést and Hatlehol;! their conclusion 
was that the Benedict? method gives a generally higher result 
than the Folin-Wu* method. Since then, Folin and Wu have 
modified their technique and claim that ‘‘the new process tends 
lo give slightly lower values than the original method.” This 
makes the difference between the Benedict and Folin-Wu methods 
even larger than the tables of Hést and Hatlehol show. Our 
alm at present is, not to prove whether the blood sugar values 
obtained by the above mentioned methods are absolutely correct 
or whether reducing substances other than glucose present in 
the blood have any influence on the reagents used, but to decide 
which of these two methods gives the more reliable results. 

A 1 per cent solution of pure glucose was made up, using Kahl- 
baum’s (c.P.) preparation, which, by dilution, gave the necessary 
standards for both methods and a third ‘unknown”’ solution 
was prepared containing approximately 20 mg. per 100 cc. We 
found that, using these pure glucose solutions, both methods gave 
identical and correct results. What, then, can be the reason 
for the different results obtained by the two methods when ap- 
plied to human blood; 7.e., higher results according to Benedict’s 
method? (We must keep in mind that Benedict eliminates 
the blood proteins by picric acid and Folin and Wu, by tungstic 
acid). In the first place, since a higher result (Benedict) indicates 
a larger amount of glucose present in the blood filtrate, we might 


1 Host, H. F., and Hatlehol, R., J. Biol. Chem., 1920, xlii, 347. 
2 Benedict, S. R., J. Biol. Chem., 1918, xxxiv, 203. 
3 Folin, O., and Wu, H., J. Biol. Chem., 1920, xli, 367. 
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2 Blood Sugar Determinations 


conclude that the tungstic acid precipitation is responsible for 
the loss of some glucose. In the second place, we might conclude 
that there are certain reducing substances in the filtrates other 
than glucose which react with the picric acid but do not affect the 
copper. 

To settle the first possibility we used the Folin-Wu technique 
on both the tungstic and the picric filtrates* and, to our satisfac- 
tion, found very good checks. This disproves the theory that 
the tungstic acid precipitation is responsible for the loss of glu- 
cose. ‘To counteract the yellow color of the picric acid we added 


TABLE I. 
Blood Sugar in Mg. per 100 Cc. of Blood.* 


Tungstate filtrate. Picric-picrate filtrate. 
Subject. Condition. 

Folin-Wu | Benedict | Folin-Wu | Benedict 

method. | technique. | technique. | method. 
mg. mg. mg. mg. 
1 Normal. 73 86 72 120 
2 " 83 82 81 117 
3 - 87 100 86 121 
4 “a 88 91 87 118 
5 . , i 89 94 87 120 
6 Diabetic. 87 104 81 130 
7 - 91 106 89 122 
8 3) 97 110 96 150 
9 as 140 157 133 170 
10 ” 164 162 161 184 
11 accom- 200 230 200 263 

panied by glycosuria. 


* Blood was taken before breakfast. 


1 to 1.2 ec. of the picric-picrate solution to the Folin standard 
before dilution; the green color produced in both standard and 
unknown could be matched with ease in the colorimeter. As 
seen readily from Table I, the results are within the limit of ex- 
perimental error (see Column 5) and can be assumed as identical. 
At the same time this experiment serves as a proof that the cop- 
per is not reduced by the non-glucose substance which reacts 
with the picric acid and produces a higher figure for blood sugar 
(Benedict). 


‘It was found that the presence of picric acid did not influence the 
copper reduction. 


| 

4 

id 
| 
| 

¥ 

; 


F. A. Csonka and G. C. Taggart 3 


It was of further interest to apply the tungstiec acid filtrate to 
the Benedict technique (4 cc. of filtrate and 4 cc. of picric-picrate 
solution). As seen from Table I, Column 4, the results are some- 
times higher than those of Folin but always lower than those of 
Benedict. This shows that the tungstic precipitation partially 
eliminates the non-glucose reducing material and could be ad- 
vocated as an improved modification. To simplify calculations 
a standard solution of glucose containing 0.4 mg. per 4 ec. may 
be used. 

In conclusion, we may state that the Folin-Wu blood sugar 
determination gives more reliable results than Benedict’s picric- 
picrate method. 
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THE MINERAL CONTENT OF THE NORMAL WHITE RAT 
DURING GROWTH. 


By G. DAVIS BUCKNER anp A. M. PETER. 


(From the Department of Chemistry, Agricultural Experiment Station, 
University of Kentucky, Lexington.) 


(Received for publication, July 6, 1922.) 


The object of the experiment reported herein was to determine 
the mineral content of the carcasses of normal white rats at dif- 
ferent ages. The laboratory conditions under which the animals 
were raised are reproducible. The use to be made of the data 
will be for comparison with similar data to be procured under a 
change of the minerals ingested. 

A large number of healthy adult white rats were obtained which 
had come from common parents and had existed under identical 
conditions since weaning. ‘These rats were bred and only those 
litters from which three males and three females could be selected 
for analysis were used in the experiment. These litters were 
weaned at the age of 4 weeks and at that time separated as to 
sex. After weaning, their principal food consisted of cracked 
yellow corn which was kept before them at all times. Three 
times a week stale light bread soaked in fresh whole milk was fed 
as the morning meal in such quantities as they would consume 
in 30 minutes and twice a week shredded cabbage was fed. Lab- 
oratory tap water was used throughout. They were bedded 
with clean oat straw which was changed twice a week. 

When a group of rats reached the desired age they were chloro- 
formed and thoroughly washed with distilled water and dried. 
The esophagus, stomach, intestines, and rectum were dissected 
out and discarded. The remaining portions of the three rats 
of each sex were weighed together and ashed at a dull red heat 
in a muffle for 12 hours, thereby obtaining a nearly white ash, 
very uniform in color and texture. After weighing, the com- 
posite sample of ash was well mixed by grinding and a weighed 
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6 Mineral Content of Normal White Rat 


portion dissolved in hydrochloric acid and analyzed for calcium 
and magnesium by the method of MeCrudden.! Phosphorus 
and potassium were determined by the methods of the Associa- 
tion of Official Agricultural Chemists? after solution in hydro- 
chloric acid. 

The results are shown in Tables I and III. Tables II and IV 
were computed from the data in Tables I and III. 

It will be seen that the weights of the male and female car- 
casses increase regularly for 40 weeks, except between the 16th 
and 18th weeks for the males and the 10th and 12th and the 14th 
and 16th weeks for the females. In these cases the deficiency 
in weight was due, perhaps, to individual variations. 

The weights of the carcasses of the males and females of the 
same age up to 10 weeks are comparable but after that age the 
males are appreciably heavier than the females. 

With the exception of the percentages of ash in the carcasses 
of the 2 week old male and the 20, 30, and 40 week old males 
and females, the percentage remains fairly constant in the in- 
tervening periods. The percentage of P.O; in the ash of the 
carcass shows a wider range of variation in the female than in 
the male but the maximum in the male is higher. The total 
weights of P.O; in the carcass of both males and females show an 
increase in each period except that of 18 weeks for the former 
and of 12 weeks for the latter. Here again we have cases of 
individual variation. | 

The percentages of CaO in the ashes of the males vary more 
than those of the females, but the average is about the same. 
The weights of CaO in the 18 week old male and the 12 week 
old female are smaller than those for the corresponding weights 
for the 2 weeks previous. | 

It is interesting to note that at the age of 2 weeks the oxygen 
ratio of CaO + MgO to P20; approximates that of tricalcium 
phosphate (1.67), whereas, for the older rats this ratio falls 
between that and the ratio for dicaleium phosphate (2.5); and 
that the ratio of calcium to magnesium and to potassium is | 
sensibly the same for both sexes and all ages. 


1 MeCrudden, F. H., J. Biol. Chem., 1909-10, vii, 83. 
* Official and tentative methods of analysis of the Association of Official 
Agricultural Chemists, revised, November 1, 1919, pp. 3 and 12. 
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TABLE I. 
Average Weights per Carcass, Grams, and Percentage of Ash. 
oe Crude ash. Percentage of ash. 
Age. 
Male. Female. Male. Female. Male. Female. 
wks. 
2 15.65 | 12.27 | 0.28 0.34 1.79 2.44 
4 17.76 | 15.91!) 0.52 0.47 2.93 2.95. 
6 20.80} 21.20} 0.62 0.65 2.98 3.07 
45.01 | 47.32 | 1.47 1.41 3.27 2.98 
10 Lost. 63 .34 1.84 2.90 
12 60.02 | 53.85 | 1.70 1.55 2.82 2.88 
14 93.66 | 79.07 | 2.40 2.19 2.56 2.77 
16 111.21 | 68.19 | 3.49 2.10 3.14 3.08 
18 102.09 | 93.19 | 3.04 2.89 2.98 3.10 
20 124.55 | 100.64 | 3.29 3.36 2.64 3.34 
30 160.21 | 142.35 | 5.79 4.80 3.61 3.37 
40 180.50 | 188.81 | 7.14 5.37 3.95 3.87 
84.68 | 69.68 | 2.70 2.24 2.95 3.00 
Gain in 38 weeks ..| 174.85 | 130.08} 6.86 ,| 5.03 | 2.16 | 1.10 
TABLE II. 
Average Percentages of Mineral Substances in the Carcasses. 
P20s5 CaO MgO K,0 
Age. 
Male. | Female.| Male. | Female.| Male. | Female.| Male. | Female. 
wks, 
2 0.66 | 0.87 | 0.72; 0.99 |} 0.04} 0.06 | Lost. | Lost. 
4 1.28; 1.27 | 1.03} 1.05} 0.07 | 0.07 | 0.04; 0.04 
6 1.35 | 1.32; 1.12; 1.09} 0.07} 0.07} 0.03; 0.04 
8 1.40; 1.23; 1.12} 1.00} 0.08} 0.07 | 0.04 0.08 
10 1.23 1.04 0.07 0.038 
12 1.18; 1.12; 1.02} 0.99} 0.04) 0.06! 0.03) 0.04 
14 1.07 | Lost. | 0.99 |} 1.00} 0.06} 0.06} 0.03 | 0.03 
16 1.33} 1.24} 1.14; 1.11 | 0.07 | 0.07 | 0.04; 0.038 
18 1.22; 1.28} 0.99; 1.09} 0.06} 0.07 | 0.03} 0.03 
20 1.07 | 1.41; O89 1.22} 0.66) 0.08] 0.03} 0.04 
30 1.42} 1.35] 1.31 1.20 |} 0.07; 0.07} 0.03 | 0.04 
40 1.79 | 1.54; 1.47/ 1.41] 0.09) 0.08 | 0.04] 0.03 
Average..| 1.25 | 1.26) 1.07! 1.10! 0.06| 0.07 | 0.04} 0.03 
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TABLE III. 
Percentage Composition of the Crude Ash. 
P20; CaO MgO K20 
Age. 
Male. |Female.| Male. | | Male. | Male. [Female.| Male. 
wks. 
2 37.07; 31.53) 40.24/35.30) 1.99} 2.16! Lost. | Lost. |20.70/31.01 
4 43.85) 43.00) 35.25)35.56) 2.30) 2.28) 1.50 | 1.31 |17.1017.85 
6 45.40 48.10) 37.5035.40) 2.26) 2.20) 1.13 | 1.18 |13.71/18.12 
S 42.90) 41.40) 34.10:33.40) 2.35!) 2.47) 1.19 | 1.10 |19.46)21.63 
10 4? 41 35.72 2.44 1.13 18.30 
12 4? 00) 39.00) 36.00/34.20) 2.19) 2.19! 1.06 | 1.55 |18.75)23.06 
14 41.85! Lost. | 38.65)34.39| 2.29) 2.07) 1.20 | 1.21 {16.01 
16 31) 40.10) 36.36)36.10) 2.12) 2.19) 1.15 | 1.13 18 .06)20 .48 
18 41.10) 41.20) 33.30.35.30) 2.06) 2.35) 1.03 | 1.03 [22.51/20.12 
20 40.60, 42.20) 33.70\36.50) 2.37) 2.25) 1.00 | 1.10 |22.33)17.95 
30 39.40) 39.95) 36.2035.67| 1.97) 2.11) 0.80 | 0.92 [21.63)21.35 
40 45.40) 39.70) 37.20'36.40) 2.31) 1.98} 1.01 | 0.86 |14.08)21.06 
Average. .| 41.99} 40.32) 36.23'35.33] 2.20) 2.22/ 1.11 | 1.14 |18.58|20.99 
Range....| 8.33 11.57, 6.94 3.10) 0.40) 0.49) 0.70 | 0.69 | 8.80)13.16 
TABLE IV. 
Oxygen Ratios. 
O of P2Os O of CaO 
i O of CaO + MgO O of MgO 
Male. Female. Male Female. 
wke. 
2 70 1.62 14.5 11.7 
4 2.24 2.19 11.1 11.3 
6 2.20 2.20 11.9 11.6 
10 2.14 10.5 
1? ? OF 11.8 
14 1.98 | 11.4 
16 ? 02 12.4 11.8 
18 2 23 | 2.11 11.6 10.8 
20 10 10.2 11.7 
30 | ? 00 O4 13.2 
40 | 2:2 ? 00 11.5 13.2 
Average..... 11.9 11.5 
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These figures show that rats coming from a common parent 
stock, having been similarly fed in all cases and all having existed 
under identical conditions have an individual variation in growth 
and mineral content in both males and females which is not over- 
come when results are compiled from the average of three of each 
Sex. 
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A STUDY OF THE DISTRIBUTION OF IODINE BETWEEN 
CELLS AND COLLOID IN THE THYROID GLAND. 


IV. THE DISTRIBUTION OF IODINE IN THE HYPERPLASTIC THY- 
ROID GLAND OF THE DOG AFTER THE INTRAVENOUS 
INJECTION OF IODINE COMPOUNDS. 


By HARRY BENJAMIN van DYKE. 
(From the Laboratories of Pharmacology, University of Chicago, Chicago.) 


(Received for publication, July 20, 1922. 


Some years ago Marine and Feiss (1) and Marine and Rogoff 
(2, 3) first performed experiments which leave little doubt as to the 
ability of the dog’s thyroid gland, especially when hyperplastic, 
to bind iodine almost instantaneously. Marine and Feiss (1) 
carefully perfused the surviving thyroid gland with fluid con- 
taining iodine as KI. They found that after 1 hour a consider- 
able amount of 1odine was taken up only by a surviving gland. 
Any evidence of death of the perfused organ was accompanied by 
a loss of some of the gland’s stored iodine rather than by an 
absorption of iodine from the circulating medium. However, even 
a surviving gland, rich in iodine, lost some iodine to a perfusing 
fluid free of the element. In surviving glands they discovered 
that the amounts of iodine absorbed were relatively independent 
of the amounts of 1odine in the perfusing fluids. They also pointed 
out that a similarly rapid absorption of iodine by the intact gland 
follows the intravenous administration of a solution of KI. From 
the results of perfusions of spleen and kidney under similar condi- 
tions they concluded that these organs were not capable of taking 
up a significant amount of iodine. 

Marine and Rogoff (2) on the basis of experiments in which 
they injected a solution of KI intravenously came to the con- 
clusion that the absorption of iodine by the gland is almost as great 
1 hour after the injection as it is 30 hours after the injection. 
They again found that no significant amount of iodine was taken up 
by the spleen and liver. The amount of iodine absorbed by the 
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thyroid gland appeared to be directly proportional to the degree 
of hyperplasia exhibited by the gland. In a second communica- 
tion (3) they discussed the time of appearance of the changes in the 
histology and physiological activity of the gland following the 
intravenous administration of KI solution. 

Having found (4) that there. was relatively little difference in 
the ratio of the percentage of iodine in cells to the percentage of 
iodine in whole gland in dog thyroid glands exhibiting great 
variations in histological appearance and iodine content, I under- 
took the present study to determine what effect acute iodization of 
hyperplastic thyroid glands has on the ratio value. 


Methods. 


As in the work of Marine and Feiss, and Marine and Rogoff, 
dogs with thyroid glands usually definitely hyperplastic were 
used in all of the experiments. Light ether narcosis was always 
employed. All solutions of KI and thyroid colloid were injected 
into the femoral vein. Every effort was made to section the glands 
as rapidly as possible after their removal from the animal. In 
the making of the determinations of the ratio of the percentage 
of iodine in dried cells to that in dried whole gland the method 
first described by Tatum (5) was somewhat modified. To lessen 
autolysis as much as possible the glands on removal were plunged 
into Ringer’s solution cooled to 14°C. The glands were then 
carefully cut into blocks of a size appropriate for the floor of the 
freezing microtome and frozen sections were made of a considerable 
amount of tissue. The blocks of tissue cut for the microtome’s 
floor as well as the cut sections were suspended in Ringer’s solution 
cooled to 1-4°C. «Asin the preceding work of this series the frozen 
sections werecut sufficiently thin so that practically all of the 
colloid or intercellular fluid was dissolved out of the acini as soon 
as the sections were suspended in cooled Ringer’s solution. By 
centrifugalization the cells were separated from the colloid dissolved 
in the Ringer’s solution and carefully dried over an electric hot- 
plate and then in an electric drying oven. Control pieces of 
uncut whole gland were also dried in the same manner. Through- 
out this paper colloid iodine solutions refer to cell-free solutions of 
thyroid intercellular fluids obtained by the method just described 
and dissolved in Ringer’s solution. In all of the experiments the 
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quantitative determinations of iodine were made by the method 
of Kendall (6). 

From the data of Table I it can be seen that large amounts of 
iodine as KI were taken up by hyperplastic thyroid glands despite 
big variations in the dose of KI (50 to 150 mg.) and duration of time 
between injection and removal of gland (90 seconds to 22 hours 
and 25 minutes). The cooling of the blocks of thyroid tissue dur- 
ing the process of cutting had little effect. Either little of the 
injected iodine was held by the cells, or it diffused rapidly from the 
cells in the process of cutting; for the iodine content of the cells 
and hence the ratio of the precentage of iodine in cells to the per- 
centage of iodine in whole gland is considerably less than that 
found in resting glands. The average ratio value of 0.15 for the 
dog (4) was approached only in Experiment 11 in which nearly 
24 hours elapsed between the injection of KI and the removal of 
the experimental lobe. In this last case there are alternative 
means of explanation: more iodine may have been bound by the 
cells by removal from the thyroid’s intercellular spaces, or the iodine 
in the cells was in a less diffusible form than in the other experi- 
ments of the series. These changes in the distribution of iodine 
after about 24 hours can be definitely correlated with Marine and 
Rogoff’s (3) discovery that 20 hours after the injection of iodine as 
KI, markedly hyperplastic glands exhibit more stainable colloid 
with some increase in the size of the follicular spaces and shrinkage 
in the height of the columnar epithelium. 

In the experiments the data of which are given in Table II, 
solutions of colloid iodine from normal dog thyroid glands were 
injected intravenously to determine to what extent iodine in 
organic combination is bound by hyperplastic thyroid glands. 

The iodine of thyroid colloid of normal animals is practically 
not at all taken up by hyperplastic glands after 42 to 86 minutes. 
A comparable amount of iodine in the form of KI is rapidly 
taken up. 

Blum and Griitzner (7) found some hours after the injection 
into the circulatory system of fluid pressed from thyroid glands 
that the iodine-containing thyroid protein is split largely by 
hepatic action into simpler products with the formation even 
of iodides. In Experiments 12 and 13 (42 and 86 minutes after 
intravenous injection) there is little evidence that much iodide- 


TABLE I. 
Ratio of the Percentage of Iodine in Cells to the Percentage of Iodine in Whole 


Glands in Hyperplastic Thyroid Glands of Dogs Receiving an 
Intravenous Injection of KI Solution for Varying 


Lengths of Time before the Removal of the Glands. 

2 | | 3 su | | 23 | | 
< < = = = 

mg. sec gm. per cent gm. per cent 

1 50 90 Control. | 0.6786) 0.021 | 0.5242) 0 
Todized. | 0.5553) 0.042 | 0.7845) 0.002 | 0.048 
2 50 150 Control. | 0.6548 0.010 | 0.6373) 0 
Iodized. | 0.5695; 0.072 | 0.8437; 0.003 | 0.042 
min. 
3* | 135 57 Control. | 0.6797) 0 0.3585) 0 
Iodized. | 0.4808 0.086 | 0.5449) 0 
4 120 60 Control. | 0.4512) 0.042 | 0.3775) 0 
Iodized. | 0.7760) 0.079 | 0.4702) 0 
5 150 60 Control. | 0.6853) 0 0.6105; 0 
; Todized. | 0.6302) 0.078 | 0.7473) 0 
6 50 60 Control. | 0.8779, 0.002 | 0.5694; 0 
Iodized. | 0.8314; 0.059 | 0.8021; 0.004 | 0.068 
7 50 60 Control. ! 0.8130) 0 
Todized. "| 0.6521) 0.085 | 0.6994) 0.002 | 0.025 
0.7311) 0.070 
8 50 60 Control. | 0.4082! 0.007 
0.6490; 0.004 
Iodized. | 0.4610) 0.081 | 0.8222) 0.004 | 0.045 
0.2455) 0.098 
9 150 64 Control. | 0.5150) 0.002 | 0.7066) 0 
Iodized. | 0.5957; 0.085 | 0.8282) 0.003 | 0.035 
10* | 120 70 Control. | 0.3458) 0.010 | 0.2459) 0 
Iodized. | 0.2502) 0.091 | 0.2627) 0 
hrs. min. 
11 50 |22 25) Control. | 0.4650) 0417 | 0.5357) 0 
0.5715; 0.020 
Iodized. | 0.7191 0.213 | 0.5422) 0.022 | 0.103 
* Glands and cells not suspended in ice-cooled Ringer’s solution. 
14 
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iodine has been split from colloid iodine; for the hyperplastic 
thyroid glands present exhibit no significant change in iodine con- 
tent and yet are able quickly to bind any iodine available as iodide. 

In the experiments reported in Table III colloid iodine solution 
of animals with hyperplastic glands, each of which had received an 


TABLE II. 


Ratio of the Percentage of Iodine in Cells to the Percentage of Iodine in 
Whole Gland in Hyperplastic Thyroid Glands of Dogs after the Intrav- 
enous Injection of Thyroid Colloid Iodine from Normal Dog 
Thyroid Glands. The Iodine Content of a Hyperplastic 
Gland of a Dog after the Injection of a Comparable 
Amount of Inorganic Iodine is also Recorded. 


o 
ce. mg. | min. gm Fa? gm Pca 
12 !200.0! Colloid {1.690} 42 | Control. 
iodine. lodized. wee 0.4819/0 
13 |259.6} Colloid {2.829| 86 Control. |0.7971\0 0.7698'0 
iodine. 
Iodized. |0.4742/0.005/0.9208'0 
0.4245/0 
14 |241.5) KI 12.087) 46 Control. 
0 .6024'0 .004 
Iodized. |0.4513/0.017 
0.5907'0.019 


intravenous injection of 50 mg. of KI 60 minutes before the removal 
of the thyroid lobe for section, was injected intravenously as soon 
as possible into other animals with hyperplastic glands. The 
sequence was as follows: as a control, part of one lobe was removed; 
colloid iodine dissolved in Ringer’s solution was then injected and . 
all but half of one lobe resected; a comparable amount of iodine 
as KI dissolved in a similar amount of Ringer’s solution was then 
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TABLE III, 


Ratio of the Percentage of Iodine in Cells to the Percentage of Iodine in Whole 
Gland in Hyperplastic Thyroid Glands of Dogs after the Intravenous 


Injection of Thyroid Colloid Iodine from Hyperplastic Thyroid 


Glands Iodized but a Short Time before Being Sectioned. 


min. gm. per cent gm. sel 
15 | 0.820 mg. of col-| 60 | Control.|0.6022) Trace. 
loid iodine of Colloid 0.009 |1.1376 
Animal 7* dis- iodine.|0.7186, 0.009 
solved in 233 cc. 
of Ringer’s 
solution. 
0.836 mg. of! 25 | KI 0.8328) 0.017 
_ KI dissolved in 0.6935, 0.022 
253.5 cc. of 
Ringer’s solu- 
tion. 
16 | 0.903 mg. of col-| 40 | Control.|0.4700| 0 
loid iodine of Colloid.|0.4015) 0.006)1.1110, 0 
Animal 8* dis- iodine.'0.3695| 0.007 
solved in 318 ce. 
of Ringer’s 
solution. 
0.827 mg. of KI 6 | KI 0.4581} 0.009 
dissolved in 0.4437; 0.010 
318 cc. of Ring- 
er’s solution. 
*See Table I. 
injected and the remaining half of one lobe taken out. Much 


more of the iodine from the colloid iodine of these animals was 
taken up than from the colloid iodine of normal animals (Table II). 
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Even here considerable 1odine as KI was still bound by the glands 
which had taken up some colloid iodine. ‘These results suggest 
that the colloid iodine, bound but incompletely synthesized into 
active principle, is In a more diffusible form in the acutely iodized 
gland than in the more normal resting gland. Moreover, the 
incompletely synthesized active principle may be more readily 
split by hepatic action (7) into simpler products (e.g., iodides) 
which are then bound by the hyperplastic thyroid gland. 

Marine and Rogoff (3) declare that even 30 hours after intra- 
venous administration of a solution of KI very little of the thyroid’s 
active principle, as measured by the effects of thyroid on tadpole 
growth and metamorphosis, has been elaborated. The less 
diffusible and less readily split normal colloid iodine compound 
(Table II) probably represents the more fully elaborated active 
principle. 


SUMMARY. 


The findings of Marine and Feiss and Marine and Rogoff that 
the hyperplastic thyroid gland of the dog rapidly binds iodine 
intravenously introduced as a solution of KI were confirmed. 

By a method already described (5) the ratio value of iodine in 
cells to iodine in whole gland was determined and found to be very 
low after the intravenous injection of KI solution into dogs with 
hyperplastic glands when those glands were removed 1.5 to 60 
minutes after the injection. The ratio value more nearly ap- 
proached the normal if the interval elapsing between injection 
and removal of gland was made about 24 hours instead of 1 hour 
or less as in most of the experiments. This finding is in keeping 
with the histological changes described by Marine and Rogoff in 
such glands 20 hours after the intravenous injection of KI solution. 

When iodine as colloid iodine solution of normal animals was 
administered intravenously practically none of the colloid iodine 
was taken up by hyperplastic glands during the periods of time 
used in these experiments; yet from an injection of a comparable 
amount of iodine in the form of KI the ready binding of iodine by 
similarly hyperplastic glands was proved. Colloid iodine of 
hyperplastic glands removed | hour after the intravenous injection 
of KI solution was taken up to some extent by hyperplastic glands; 
but these last named glands bound additional iodine as KI intro- 
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duced after the colloid iodine injection. The incompletely 
synthesized active principle is probably more diffusible and more 
readily split into simpler products than active principle fully 
synthesized. 
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THE FERMENTATION OF PENTOSES BY MOLDS.* 
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In the numerous studies which have been carried out on the 
nutritive value of different carbon compounds for molds the forms 
most generally used have been Aspergillus and Penicillium. It 
has been found that these fungi can ferment carbohydrates, 
alcohols, organic acids, fats, proteins, and many other substances; 
but the fermentation of the pentoses and pentose-yielding sub- 
stances has been investigated to only a limited extent. The 
general distribution of pentose-yielding substances in nature, and 
the rapidity with which such compounds must be broken down 
suggests the possibility that fungi play an important rdéle in their 
destruction. 

The literature on the subject of carbon utilization by molds is 
far too voluminous to review in this paper. Only such work as 
deals specifically with the fermentation of the pentoses and the 
general products of mold metabolism will be considered. For an 
extensive review of the literature concerning the growth and 
carbon assimilation of the molds, the reader is referred to the 
papers of Lafar (1) and Steinberg (2). 

The assimilation of carbon from arabinose and xylose by various 
fungi has been mentioned by a few investigators. Behrens (3) 
in 1898 was perhaps the first one to note the favorable effect of 
arabinose on the growth of Penicillium glaucum and Botrytis vul- 
garis. In1901 Went (4) found that xylose serves as a good source 
while arabinose is a poor source of carbon for Monilia sitophila 
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(Mont.) Sace. 2 years later Emmerling (5) found that Aspergillus 
niger assimilates arabinose and xylose, but does not form oxalic 
acid from these compounds. In 1913 Kriiger (6) showed that a 
certain species of Gloeosporium can utilize arabinose. Hawkins (7) 
in 1915 carried out a study of the utilization of pentosan and pen- 
toses by Glomerella cingulata. He concluded that the pentoses 
are readily utilized by this fungus; in fact, arabinose and xylose 
seemed better sources of carbon than glucose. From this brief 
review it is evident that but little attention has been paid to the 
utilization of the pentoses, the products formed, and the relation 
of these products to one another and to the sugar consumed. 

As a means of measuring mold activity one or more of the 
following indices have been used by most investigators: weight 
of mycelium formed, carbon dioxide produced, or sugar con- 
sumed. Of these three the first is the one most commonly used. 
The weight of mycelium is greatly influenced by the conditions of 
growth and the kind of fungus, but under normal conditions the 
common molds consume about 3 gm. of sugar in the production of 
1 gm. of dry fungus. Weimer and Harter (8), however, report an 
extreme case where 29 gm. of glucose were required to produce 1 
gm.offungus. Since the elementary composition of dry fungus and 
the compound fermented are different, Waterman (9) compared 
the two on the basis of their carbon content. From the common 
sugars he recovered about 35 per cent of the carbon in the mold 
pad. He termed this percentage the “plastic equivalent” of the 
fermented compound. 

Although carbon dioxide is generally recognized as the chief 
fermentation product formed by fungi, comparatively few deter- 
minations of the quantity of gas evolved are found in the literature 
(10). Expressed as the weight of carbon dioxide to weight of 
fungus, respiratory coefficient, a ratio of approximately 2 has been 
found by a number of investigators. Of the carbon contained in 
the fermented compound from 50 to 70 per cent, depending on the 
fungus and the conditions of growth, are recovered in the carbon 
dioxide. 

In the experimental part of this paper the destruction of sugar 
has been used as a guide in the selection of pentose-fermenting 
molds. The molds thus selected have been used for a more 
extended study of mycelian growth and carbon dioxide evolution. 
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TABLE I. 
Rate of Fermentation of Arabinose and Xylose by Various Molds. 
Medium contained 2 per cent of sugar. 
Sugar present after 
73 hrs. 93 hrs. 142 hrs. 309 hrs. 
3 Name. 
per | per | per per per per per per 
cent | cent | cent cent | cent cenl cent cent 
10 | A. flavus. 0.04/0.70; 0.00; 0.09 
14 | = 0.21)1.19) 0.00) 0.05 
15 | “ 0.87|0.29; 0.00; 0.00 
16 | “ fumigatus. 1.20\0.77; 0.92) 0.14; 0.00; 0.00 
1.60 1.05} 0.83 0.00 
13 | “ globosus v. 1.90) 1.95} 1.71) 1.72 | 1.02 
5 | “ niger. 0.00)0.00 
24 | “ oryze. 0.84) 1.56} 0.00) 0.00 
12 | “ repens. 1.35} 1.72} 0.00) 1.59 0.19 
1.03/0.82) 1.00} 0.00) 0.06 
0.37/0.00) 0.00 
1.33)1.13} 1.19) 0.38) 0.00) 0.00 
0.67/1.25) 0.30} 0.30) 0.00; 0.00 
26 | P. camemberti. 1.86) 1.80 1.85 | 1 
6 | “ glaucum. 0.80}0.80} 0.50; 0.00} 0.00 
1.40) 1.54 0.97) 0.28; 0.00 
25 | “ roquefortt. - 1.89} 1.68) 1.85 | 0.36 
| ep. 1.61} 1.52} 1.15) 0.40 | 0.00 
1.53) 1.82) 1.33) 0.93 | 0 
* 1.61) 1.82} 1.05) 1.29 | 0 
1 .65}1. 16) 1.61 1.49} 0.00} 0.07 
ts > 1.63 1.58) 1.82) 1.37) 1.56) 0.77 | 0.61 
8 | Rhizopus nigricans. 1.80) 1.80) 1.80 | 1.70 
9 | Cunninghamella sp. 1.80 Lost. | 1.20 
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EXPERIMENTAL. 


The molds used in this work were from laboratory stock cultures 
or were secured from E. M. Gilbert of the Botany Department, 
from Miss Audrey Richards of the Forest Products Laboratory, 
and from Parke, Davis and Company. Altogether 25 cultures 
were studied representing Aspergillus, Penicillium, and Mucor 
forms. For many helpful suggestions the authors are indebted to 
J. B. Overton and to E. M. Gilbert of the Department of Botany, 
University of Wisconsin. 

After many kinds of nutrient solutions were tried, the one 
recommended by J. B. Overton was found most satisfactory. 
Except in the study of citric acid production, this nutrient solution 
was used in all fermentations. The composition of the Overton 
medium is as follows: 


M monobasic potassium 100 


The individual salts were made up in quantities sufficient to cover 
a series of experiments. Each stock salt solution was kept in a 
separate flask and was combined with the others as needed. 

Sugar was dissolved in water to yield a 4 per cent solution. 
In the preliminary experiments, 100 ec. Erlenmeyer flasks were 
used. 10 cc. of the salt solution were placed in each’ flask which 
was then plugged with cotton and sterilized for 1 hour under 20 
pounds of steam. The sugar solution was sterilized in a similar 
manner, and 10 ce. were transferred with a sterile pipette into 
each of the flasks, making 20 ec. of a 2 per cent sugar solution. 
These culture solutions were about 1 em. deep. The cultures were 
inoculated with the mold spores and incubated at 28°C. At 
various intervals observations of the growth of the fungi and 
determinations of the unfermented sugar were made. 


The Rate of Fermentation of Arabinose and Xylose by Various Molds. 


A list of the molds' and the percentages of arabinose and xylose 
that remained unfermented at the end of certain intervals of time 


1 The term molds is used to include Aspergillus, Penicillium, and Mucor. 
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are given in Table I. Of the 25 molds tested, 16 made a fair to 
rapid growth, 9 grew slowly, and 3 or 4 of these produced only a few 
mycelian threads. The Aspergillus niger strains are especially 
active in the destruction of the pentoses. With the exception of 
Penicillium glaucum the Penicillia break down the pentoses only 
slowly and in the case of certain species are almost inactive. The 
two Mucors showed but little power to ferment the pentoses. 

The two pentoses are apparently equally available to the molds. 
With the slow fermenting molds, xylose appears to be somewhat 
more rapidly utilized than arabinose. 


A Comparison of the Rate of Fermentation of Xylose, Arabinose, and 
Glucose. 


In this series it was planned to compare the fermentability of 
the pentoses with a well known hexose. It was felt that possibly 
some of the molds would break down the pentoses faster than 
glucose. This condition has been found to obtain with certain 
bacteria which are characteristically pentose-fermenters (11). 
Only the most vigorous of the molds were used in this series. 

In order to give a longer time for comparison a4 per cent solution 
of the sugars was used in each case, and the cultures were analyzed 
for sugar as soon as growth was apparent. To follow closely the 
rate of fermentation frequent analyses were run. The results of 
of these analyses are given in Table II. 

_An examination of the data in Table II shows that the destruc- 
tion of glucose was more rapid than that of either of the pentoses. 
In one case, Culture 21, xylose seems to have disappeared more 
rapidly than glucose. Of the two pentoses, arabinose appeared 
to be slightly superior for the first period, 48 hours, but at the end 
of 70 hours the xylose cultures were ahead in every case. This 
superiority continues throughout all of the subsequent analyses 
until the end of the fermentation period. Some of the molds 
proved to be slow fermenters of the pentoses, especially of 
arabinose. Even at the end of 8 to 10 days there was still 1 per 
cent of sugar unfermented. 
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TABLE II. 


A Comparison of the Rate of Fermentation of Xulose, Arabinose, and Glucose 
by Various Molds. 


Medium contained 4 per cent of sugar. 


Cul- 
ture 
No. 


15 


16 


11 


24 


12 


Sugar present after 


Sugar 
Name. fermented. 

48 
hrs. 
per 
cent 

A. flavus. Xylose. 3.91 
Arabinose. |3.14 
Glucose. 3.14 
“fumigatus. Xylose. 3.47 
Arabinose. |3.26 
Glucose. 3.15 
“niger. Xylose. 3.48 
Arabinose. |2.87 
Glucose. 3.14 
Xylose. 3.45 
Arabinose. |2.94 
Glucose. 2.94 
“ oryzae. Xylose. 

Arabinose. 

= Glucose. 

“ repens. Xvlose. 

Arabinose. 

Glucose. 

op. Xvlose. 

Arabinose. 
Glucose. 

P. glaucum. Xylose. 

Arabinose. |3.13 


Glucose. 


3.33 


bo 


119 
hrs. 


per 
cent 


0.00 


6.00 


0.00 


0.00 


0.00 


3.08 


0.36 


0.09 


0.00 


143 
hrs. 


per 
cent 


0.07 


1.64 


SS 


bo 
Or 
bo 


& 


167 
hrs, 


per 
cent 


0.00 


0.85 


0.70 


215 
hrs. 


per 
cent 


= 
| 
| 
| | 70 | 95 | 
8 
= 0.33) | 
| 2.87] 2.06, | 
| ae 0.03 | 
| | 
| 3.29 2.92 
5 | 0.13} 0.00 | | | 
| 1.28} 0.00 | 
| 0.00) | | 
| | | 
0.53 0.00 
| 1.31 0.03; | 
iy 0.00 | | | 
| | 3.56] | | 0.00 
| 2.95) 2.84 1.77| 0.57 
| | 1.65) 
| | 1.92; 1.19 
| | 8.35 | 2.04) 2.00 
| Eg | 1.71| 0.00 
} 
21 | 3.10 | 0.00 
| Mm 3.19 | 1.34) 0.00 
| | | me | 0.00 
| | 
6 | | 1.41 
| | | 2.50 | 0.00 
| 
XU 
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Weight of Mold Growth Produced from Xylose. 


2 per cent of xylose in the nutrient solution was placed in 
Erlenmeyer flasks and inoculated with various molds. In one 
series, Cultures 1, 2, and 4, 50 cc. of medium in 150 ec. flasks 
were used, and in another series, Cultures 5, 6, and 7, 100 cc. in 
300 cc. flasks. After practically all of the sugar had been des- 
troyed, the pads of mold growth were carefully removed from the 
flasks, placed on a filter, and washed with water to remove adhering 
salts. The pads were dried in the oven at 100°C. and weighed. 
The data are given in Table III. The growth of Penicillium 
glaucum is less profuse than that of Aspergillus niger. This is 
evident to the naked eye, and it is also indicated by the dry weight 
of the pads. 

TABLE III. 
Relation of Mold Growth to Xylose Consumed. 

Medium contained 2 per cent of sugar. 


Culture No. Name. Age. Weight of pad. a 
days gm 
1 A. sp. 9 0.778 2.56 
2 9 ~0.519 3.85 
4 “ niger. 9 0.918 2.18 
9 0.763 2.62 
6 P. glaucum. 10 0.548 3.65 
7 11 0.620 3.22 


The fermented solutions were tested for acidity, but no titratable 
acid was found, nor was any decided change found in the hydrogen 
ion concentration of the solution. 


Relation of Carbon Dioxide and Mold Growth to Sugar Consumed. 


In this experiment the quantity of carbon dioxide and the 
weight of the mold pad were determined. The fermentation was 
conducted in a closed system through which a slow current of 
carbon dioxide-free air was drawn. The carbon dioxide evolved 
by the molds was absorbed in 30 per cent potassium hydroxide 
and determined by double titration according to the method of 
Scales (12). 


+ 
a 


26 Fermentation of Pentoses by Molds 


As a check on the Scales method, CO. was also determined by 
the gasometric method of Van Slyke (13). In the first experiment 
each fermentation flask contained 100 cc. of a 2 per cent xylose-salt 
solution. Three molds, Nos. 1, 5, and 6, were used in this fermen- 
tation, which was carried out in a warm room at about 25°C. 
Good growth was obtained in all the flasks. After 4 days the 
surface was well covered, and in the case of No. 5 black spores 
began to appear. After 14 days the train was taken down, the 
pads were removed, washed, dried, and weighed. The data 
are given in Table IV. 

If the carbon in the carbon dioxide is compared with that con- 
tained in the xylose, it will be found that 62,°59, and 60 per cent, 
respectively, of the carbon in the xylose has been converted into 


TABLE IV. 
Relation of Carbon Dioxide Production and Weight of Mold Growth to Xylose 
Fermented. 
N Ane of lose Carbon | Weight 
n ayvame., ecul- er- 
'N Oo. N ture. | mented. | dioxide. | of pad. 
days gm. gm. gm. 
1 1 A. sp. 14 2.00 | 1.806 | 0.564 | 3.2 3.6 
2 5 “ niger. 14 2.00 | 1.716 | 0.690 |) 2.5 2.90 
3 6 P. glaucum. 14 1.47 | 1.288 | 0.400 | 3.2 3.77 


carbon dioxide. This percentage relation was designated by 
Waterman as the respiratory equivalent, and was shown by him to 
vary with the age of the mold. In the early stages a large pro- 
portion of the carbon is stored in the pad. After all the sugar has 
been consumed, the cells draw upon that stored in the mycelian 
growth until they become almost inactive. 


Rate of Carbon Dioxide Production and Distribution of Carbon in 
the Products of Fermentation. 


Fermentation by Aspergillus niger, No. 5.—A 1,000 ce. Erlen- 
meyer flask with 2 per cent of xylose dissolved in the medium was 
used in these experiments. Before the gas was passed into the 
alkali solution, it was drawn through concentrated sulfuric acid in 
order to remove any traces of alcohol that might be produced. 
Instead of potassium hydroxide, a 0.4 N solution of barium hydrox- 
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ide was used as the absorbent. At approximately daily intervals 
this receiving bottle wasremoved, and the absorbed CO. determined 
by titration. From the data in Table V it is seen that evolution of 
gas begins after 24 hours and increases rapidly until a maximum 
is reached and then gradually declines. The maximum COs: 
production is reached within 3 or 4 days after the mycelium covers 
the surface of the liquid. 

The percentage of the total carbon of the xylose represented by 
the CO. varies somewhat. Where all the sugar has been destroyed, 
it amounts to 41 per cent in Experiment 4, and 42 per cent in 


TABLE V. 
Evolution of Carbon Dioxide from Xylose by Aspergillus niger, No. 6. 


Experiment 4. Experiment 5. 
CO:2 evolved. CO: evolved. 
culture. fermented. | culture. fermented. 
Rate. Total. Rate. Total. 
Ars. gm. gm, gm. Ars. gm. gm. gm. 
24 0.004 69 0.060 | 0.060 
48 0.050 | 0.054 90 0.332 | 0.392 
42 0.300 | 0.354 114 0.339 | 0.731 
76 0.106 0.460 144 * 0.500 1.231 
94 0.405 0.865 185 0.733 1.964 3.21 
120 0.652 | 1.517 2.46 280 0.364 | 2.328 
148 0.312 1.829 405 0.150 | 2.478 
172 0.250 | 2.079 3.42 671 0.093 | 2.571 3.21 
Weight of pad.......... 1.430 gm.| Weight of pad.......... 1.034 gm. 


Experiment 5. When CO, evolution has practically ceased as in 
Iixperiment 5, the carbon represented by the gas was 55 per cent 
of the total carbon of the xylose. 

During the fermentation the sulfuric acid through which the 
gas was passed became gradually darker in color until at the end 
of the fermentation it was almost black. After oxidation with 
potassium dichromate the solution was distilled, but no volatile 
acid was obtained and hence no alcohol had been absorbed during 
the aspiration. The discoloration of the acid was due to some 
volatile organic substance. It is not improbable that the substance 


which produces the well known odor, so characteristic of molds, 
was the cause of the discoloration. 


: 
» 
4 


Fermentation of Pentoses by Molds 


28 


00S 


IM AWNIL 


OBE O9E OZE ODE 092 092 002 08) 091 Ov! 0%! 00) 09 09 Or O02 


o” 


0'0 
20 
90 
L0 
60 
0} 


Pid 


te 


fe 


a 


40 WE) 


| 
am 
SERRE 
F 
3 
PR 
ae 
| 
Pa TT TTT iy 
| 
XU 


Peterson, Fred, and Schmidt 29 


The fermented liquid was examined for alcohol and volatile acid, 
but none was found. A small quantity of non-volatile acid was 
obtained by extracting the residue from the volatile acid determi- 
nation with ether, but the amount was too small to permit of 
identification. 

The curves given in Fig. 1 show graphically the rate of carbon 
dioxide production and are drawn from calculations made on the 
basis of 100 ec. Since portions of the fermenting solution were 
removed at irregular intervals, it is not possible to construct 
curves directly from the data given in the tables. 


TABLE VI. 
Evolution of Carbon Dioxide from Xylose by Penicillium glaucum, No. 6. 
Experiment 6. Experiment 7. 
CO: evolved. CO: evolved. 
culture. fermented. | culture. fermented. 
Rate. Total. Rate. Total. 
hrs. gm. gm. gm. hrs. gm. gm. gm. 
48 0.176 0.176 47 0.150 0.150 
55 0.181 0.357 69 0.402 0.552 
77 0.571 0.928 90 0.713 1.265 
97 0.650 1.578 114 0.588 1.853 
125 0.833 2.411 144 0.537 2.390 
151 0.455 2.866 185 0.493 2.883 3.21 
169 0.268 3.134 280 0.209 3.092 
193 0.244 3.378 405 0.074 3.166 
216 0.243 3.621 4.60 671 0.094 3.260 3.21 
Weight of pad......... 1.433 gm.| Weight of pad......... 0.730 gm. 


Fermentation by Penicillium glaucum.—Two experiments similar 
to those with Aspergillus niger were carried out with Penicillium 
glaucum. A comparison of the two molds shows that Penicilliwm 
glaucum produced a smaller weight of pad, but a larger quantity 
of carbon dioxide. Expressed in figures Penicillium glaucum 
produced about 70 per cent as much growth as Aspergillus niger, 
but 25 per cent more carbon dioxide. Evidently cellular activity 
is much greater in the case of Penicillium glaucum. Slightly 
higher figures were also obtained for the percentage of total carbon 
represented by the carbon dioxide. At the time all of the sugar 
was destroyed (Experiment 7), the figure was 62 per cent and 
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at the end of the experiment the figure had risen to 70 per cent. 
The data are given in Table VI. 

The fermented liquid was examined for other products such as 
alcohol and volatile acid, but neither of these was found. During 
the fermentation a slight acidity developed which seemed to be 
due to non-volatile acids, but the amount was too small to show 
any positive tests for either oxalic or citric acid. 

A noticeable difference between the two molds was the failure 
of the gases from Penicillium glaucum to discolor sulfuric acid. 
It apparently does not give off a volatile compound such as is 
produced by Aspergillus niger. 


Elementary Composition of Mycelium. 


In order to determine the disposition of sugars in the metabolism 
of molds and other oxidizing organisms, a carbon balance is neces- 
sary. An elementary analysis of carbon and hydrogen was made 
by combustion in an atmosphere of oxygen. The nitrogen was 
later determined by the Kjeldahl method. 

In the combustion of the mold growth, considerable difficulty 
was at first experienced in getting duplicate determinations. After 
several trials it was found that by using potassium chromate in 
the combustion tube and by heating the sample very slowly in a 
current of oxygen complete oxidation of the material occurred, 
and good duplicate determinations were secured. 

At the end of the combustion the boat was weighed to determine 
the unburned residue or ash, and the figures thus obtained are 
included in Table VII. 

In general Penicillium glaucum contains a higher percentage of 
carbon, hydrogen, nitrogen, and ash than Aspergillus niger. This 
is particularly true for carbon where the average is 49 per cent 
for Penicillium alaucum, and 46 per cent for Aspergillus niger. 
Smaller differences appear in the figures for hydrogen, nitrogen, 
and ash, but the difference in all cases is in favor of Penicilliwm 
glaucum. 

Balance of Products.—From the data given in Tables IV, V, VI, 
and VII for xylose consumed, carbon dioxide produced, and 
weight and percentage composition of the mycelium, a carbon 
balance can be calculated. The results are given in Table VIII 
and show that from 90 to 95 per cent of the carbon of the xylose 
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is accounted for by the carbon dioxide and mycelium. The 
remainder may be accounted for by dissolved carbon dioxide, 
organic acids, and other fermentation products. 
experiments with Eurotyopsis gayont recovered in the metabo- 
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lism products from 88 to 97 per cent of the carbon. In the 
TABLE VII. 
Elementary Composition of Mycelium. 
Referred} 
A f 
Name. Carbon. |Hydrogen.|} Nitrogen.| Ash. 
days percent | percent per cent | percent 
A, niger, No. 4. 9 IV 46.9 8.00 4.6 
“ sp., No.1. 14 Vv 47.3 7.76 4.7 4.0 
“ niger, No. 5. 14 V 46.0 6.97 4,2 5.6 
7 VI 44.5 7.18 4.5 6.4 
28 VI 45.4 4.2 
P. glaucum, No. 6. 14 Vv 46.3 7.50 5.0 5.9 
9 VII 50.7 7.44 §.7 7.5 
29 Vil 49.7 8.03 5.9 4.5 
TABLE VIII. 
Balance between Carbon of Xylose and Carbon of Products. 
Re- Carb tained i 
arbon contained in Carbon 
culture.| from > Myce- | Total 
Table. | Xylose.| COz | products. 
days gm. gm. gm. gm. per cent 
A sp., No. 1. 14 V | 0.80 | 0.493) 0.267; 0.760 | 95.0 
“ niger, No. 5. 14 V | 0.80 | 0.468) 0.317) 0.785 | 98.0 
7 VI | 1.37 | 0.568) 0.636) 1.214 | 88.0 
28 VI | 1.28 | 0.702) 0.469) 1.271 | 91.0 
P. glaucum, No. 6. 14 V | 0.59 | 0.351) 0.185) 0.536 | 91.0 
9 VII | 1.84 | 0.989) 0.727} 1.715 | 93.0 
" ” woe 28 VII | 1.28 | 0.890) 0.363) 1.253 | 98.0 


single experiment which he carried out, Waterman obtained a 
figure of 96 per cent. The close approach to 100 per cent is in 
harmony with previous evidence indicating the absence of any 
appreciable quantities of oxalic or citric acids. 

A comparison of the 28 day cultures of the two molds shows the 
same relations as have already been noted, namely more carbon 
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converted into carbon dioxide, and less into mycelium by Penicil- 
lium glaucum than by Aspergillus niger. 

Ratios of Products to One Another and to Sugar Consumed.—The 
relations existing between the products of metabolism and the 
compound fermented have been expressed by means of various 
ratios or percentages. Such terms as respiration coefficient, 
economic coefficient, plastic equivalent, and respiration equivalent, 
have been introduced into the literature. Some confusion and 
lack of uniformity in the employment of these terms exist. In 
order to make perfectly clear the meaning given to these terms in 


TABLE IX. 
Relations of Metabolism Products to One Another and to Sugar Consumed. 


” . A. niger, No. 5. P. glaucum, No. 6. 
No. 1. 
Age of culture, days....... 14 14 7 28 14 9 28 
Respiration coefficient, 
wt. of dry fungus 
Economic coefficient, 


wt. of dry fungus 
Respiration equivalent, 
62 |59 | 41 |55 |60 |54 | 70 
C of xylose 
Plastic equivalent, 
Cof fungus 190....... 3 je 
C of xylose 


this paper, a formula is placed at the head of each column in Table 
IX to show how the different values were obtained. ‘The calcula- 
tions are based on the data of Tables IV, V, VI, and VIII. 

The respiration coefficient increases and the economic coefficient 
decreases with the age of the culture. Both ratios are greater 
for Penicillium glaucum than for Aspergillus niger and express by 
means of a number the more profuse growth of Aspergillus niger. 

Perhaps the most interesting relations are found in the percen- 
tages of carbon converted into carbon dioxide, and into mold 
growth. As is to be expected, the respiration equivalent in- 
creases and the plastic equivalent decreases with the age of the 
culture. In the early stages of growth, the mold stores a consider- 
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able quantity of carbon material in the cells, and later converts 
this material into carbon dioxide and other products. The 
respiration equivalent is, therefore, inversely proportional to the 
plastic equivalent. 


SUMMARY. 


Of the 25 species of molds studied 16 were found to ferment the 
pentoses with rapidity. Most of the remaining 9 cultures grew 
slowly although 3 or 4 produced only a few mycelian threads. 
The best fermenters were found among the Aspergilli and Penicillia 
species although a number of molds of these types attacked the 
pentoses but slowly. The Mucors, Rhizopus nigricans, and 
Cunninghamella, were also found to be very slow fermenters. 
From these results it is suggested that pentoses might be of con- 
siderable value in the separation and classification of fungi. 

4 or 5 days sufficed for the complete destruction of 4 per cent 
solutions of the sugars with the most active forms of Aspergillus 
and Penicillium. No marked difference manifested itself in the 
rates of fermentation of the two pentoses. With the slower 
growing molds, xylose seemed to be slightly superior to arabinose. 
Compared with glucose the two pentoses were fermented some- 
what less rapidly. 

Carbon dioxide and mycelium represented the major portion 
of the sugars consumed. Carbon dioxide represented from 40 to 
70 per cent and mycelium from 28 to 47 per cent of the carbon of 
the xylose. In these two products is recovered from 88 to 98 per 
cent of the total carbon consumed. 

The percentage of total carbon represented by carbon dioxide 


varied with the species and age of the mold. Penicillium glaucum 


produced about 70 per cent as much mycelium as Aspergillus 
niger and about 25 per cent more carbon dioxide. The rate of 
evolution of carbon dioxide production was also faster with 
Penicillium glaucum. The maximum rate of carbon dioxide 
production was reached 3 or 4 days after the surface of the liquid 
became well covered with mycelium. 

A small quantity of non-volatile acid was formed, but the 
amount was insufficient for identification. Tests for oxalic and 
citric acids were negative. No alcohol or volatile acid could be 
detected. 
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Aspergillus niger produced a substance volatile at room tem- 
perature, which discolored sulfuric acid. This discoloration may 
be due to the substance which gives the mold its characteristic 
odor. Penicillium glaucum did not produce any such substance. 

An analysis of the dry fungus showed that Penicillium glaucum 
contained more carbon, hydrogen, nitrogen, and ash than Aspergil- 
lus niger. The most marked difference was found in the carbon 
content; 49 per cent for Penicillium glaucum and 46 per cent for 
Aspergillus niger. About 5 per cent of nitrogen in the dry fungus 
indicates the presence of a considerable quantity of organic 
nitrogenous material in the mold growth. The ash content was 
also found to be about 5 per cent. 
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THE INFLUENCE OF THE SODIUM ION IN THE PRODUC- 
TION OF TETANY.* 


By FREDERICK F. TISDALL. 
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and the Department of Pediatrics, University of Toronto, 
Toronto, Canada.) 


(Received for publication, July 15, 1922. 


Binger (1) in 1917 reported the production of tetany in dogs 
by the intravenous injection of o-phosphates. He concluded as 
follows. 


‘‘When the phosphate solution is injected in amounts equivalent to 150 
mgm. phosphorus per kilogram (of body weight) the serum calcium drops 
from its normal level of 10 mgm. per 100 cc. to approximately 6 mgm. 

“At this level a condition of tetany supervenes, provided the neutral 
or alkaline salts have been injected. With acid phosphate solutions, the 
calcium drop occurs unaccompanied by tetany.”’ 


Jeppsson and Klercher (2) produced electrical excitability in 
both animals and children by feeding large amounts of alkaline 
phosphates and Howland and Marriott (3) and others have 
reported the production of tetany by the oral or intravenous 
administration of sodium bicarbonate. In a study of the inor- 
ganic constituents in the serum of infants with tetany it was 
found by Kramer, Tisdall, and Howland (4) that the concentra- 
tion of sodium in the serum was essentially unaltered. These 
authors found a diminished calcium content of the serum, which 
they considered was the cause of the increased irritability of the 
neuromuscular mechanism. Collip and Backus (5) and later 
Grant and Goldman (6) and others produced tetany in the adult 
by prolonged voluntary hyperpnea. No diminution in the cal- 
clum content of the serum was found by the latter investigators. 


* The author is indebted to the Committee of Experimental Research 
in Medicine of the University of Toronto for the animals used in this 
investigation and the facilities afforded. 
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The present investigation was undertaken in an endeavor to 
determine the relation of some of the different inorganic constit- 
uents of the serum to the production of tetany. Dibasic sodium 
phosphate (J. T. Baker) and phosphoric acid were injected in- 
travenously into dogs, the time required for each injection being 
about 1 hour. The effect of the procedure on the sodium, po- 
tassium, calcium, inorganic phosphorus, and chlorine content, 
and the pH and CO.-combining power of the serum were then 
determined. The blood was removed from the femoral vein 
before the injection was begun, and 1 hour after its completion. 
It was collected, under oil, the serum separated and the CQO, 
and pH determined as soon as possible. The COs in the serum 
was determined directly by means of the Van Slyke apparatus, 
without bringing it into equilibrium with the alveolar air. The 
pH was determined colorimetrically by a method devised by 
Cullen (7), the chlorine by a combination of the Van Slyke and 
Donleavy (8) and Volhard methods, the sodium, potassium, and 
calcium by methods devised by Kramer and Tisdall (9, 10, 11) 
and the inorganic phosphorus by a method devised by the 
author (12). 

The dibasic sodium phosphate was injected in Dogs 1 to 4 
(Table I) while the phosphoric acid was given to Dogs 5, 6, and 
7. The phosphoric acid produced no apparent toxic effects. 
The respirations did not increase above 30 per minute and in all 
the dogs the pulse remained excellent throughout. After the 
completion of the injections the dogs jumped up and ran about 
in a normal manner. No later ill effects were observed. On 
the other hand the dibasic sodium phosphate produced signs of 
profound toxemia. The respirations were increased to 30 to 
100 per minute and the pulse was increased to 125 to 180 per 
minute. After the injection the dogs had great difficulty in 
standing, and vomited at frequent intervals. In all four dogs 
some twitching of the facial muscles and also spasm of the jaw 
muscles occurred, but in only Dog 4 did marked twitching of the 
whole body (tetany) occur. The dogs were carefully observed 
for 6 to 7 hours after the administration of the phosphates but 
no essential changes occurred in their condition. On the morn- 
ing following the experiments, Dogs 1, 3, and 4 were found dead 
while Dog 2 although still showing signs of toxemia was found to 
be alive. This animal recovered perfectly. 
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It is seen that the injection of the dibasic sodium phosphate 


caused some twitching in all four dogs although a -condition re- 
sembling active tetany occurred in only one dog. After the in- 


Intravenous Injections of Dibasie Sodium Phosphate and Phosphoric Acid. 


— 


| Dog. 


TABLE I. 
= 
cae 
= 
3 
ce. | mg.| kg. 
Slight. Before. 
After. 
Na2HPO,!280 150; 9.8; Before. 
After. 
NazHPO,'300 170; 7.5) Before. 
After. 
Marked. |NasHPO,)425 Before. 
After. 
Absent. |H;PO,; /250/150| 4.6; Before. 
After. 
H;PO, /|450150/16.0! Before. 
After. 
H;PO, /|400180/10.5| Before. 
After. 


of 


| Ca per 100 ce. of serum. 


S to 


10.9 
6.3 


Inorganic P per 100 ce. 
serum. 


é | Na per 100 ce. of serum, 


| K per 100 cc. of serum. 


& | Cl per 100 cc. of serum. 
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CO2z-combining power. 


66 
+4 


58 
36 
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7.20 


appeared. 


jection of the phosphoric acid no signs of increased irritability 
It is not unreasonable to consider the slight muscular 
: twitchings and spasm of the jaw muscles in the first group of 
| animals as signs of incipient tetany. 


1 Binger (1) apparently obtained signs of active tetany in every instance 
when he injected the dibasic phosphate in the amounts used in the present 
study. The difference in the results obtained might be due to the osmotic 
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RESULTS. 


The following changes in the blood serum were found to occur 
after the intravenous injection of dibasic sodium phosphate 
(Table I): (a) A reduction of the calcium from an average of 
10.5 mg. per 100 cc. to 6.2 mg.; (b) an increase of the inorganic 
phosphorus from about 5.0 mg. per 100 ce. to an average of 19.0 
mg.; and (c) a change of the pH from 7.40 to 7.50 in one dog only. 

No definite increase occurred in the sodium content of the 
serum. No essential change occurred in the concentration of 
_ potassium and chlorine. No marked change occurred in the 
CO, content except in Dog 2, in which it was increased from 56 
to 84 volumes per cent. 

The following changes occurred in the blood serum after the 
intravenous injection of phosphoric acid: (a) A reduction of 
the calcium from an average of 10.4 mg. per 100 ce. to 6.1 mg.; 
(6) an increase of the inorganic phosphorus from about 5.0 mg. 
per 100 cc. to an average of 18.5 mg.; (c) a decided reduction of 
the sodium and the CO.-combining power of the serum; and 
(d) a definite increase in the acidity of the serum in two of the 
three dogs. 

No essential change occurred in the potassium and chlorine. 


DISCUSSION. 


Reference has already been made to the production of tetany 
in normal adults by prolonged voluntary hyperpnea (5, 6). 
Collip and Backus, and Grant and Goldman independently ad- 
vanced the following theory to explain this phenomenon. The 


excessive breathing ‘‘washes out” the carbon dioxide from the 
. HCO; 
blood. This tends to alter the normal ratio NaHCo, (which is 


one of the important factors in the neutrality mechanism (13)), 
by decreasing the numerator. To maintain this normal ratio 
there must also be a decrease in the denominator. This necessi- 


pressures of the phosphate solutions. The solutions used by Binger were 
about m/15 and thus contained about 200 mg. of P per 100 ce. The solution 
injected into Dogs 1 to 4 in the present experiment contained respectively 
438, 514, 430, and 430 mg. of P per 100 ec., which makes them considerably 
more hypertonic than those used by Binger. 
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tates a rapid excretion of sodium bicarbonate from the blood, and 
if this is not excreted rapidly enough by the kidneys, the excess 
according to this theory is absorbed by the tissues. Thus there is 
an increase in the tissues of the irritating sodium salt and tetany 
results. 

If we apply this theory to the present work in which the di- 
basic sodium phosphate was injected we would then consider 
that the excess of sodium phosphate which could not be exereted 
in such a short time was absorbed by the tissues. The calcium 
in the tissues was probably diminished in an attempt to come 
in equilibrium with the lower content in the serum which was 
produced by the injected phosphorus. Thus the increased sodium 
combined with a lowered calcium resulted in the production of 
tetany. 

Not the slightest signs of tetany were produced in Dogs 5, 6, 
and 7, by the injection of phosphoric acid. In these animals 
the calcium was reduced and the inorganic phosphorus increased 
to about the identical levels present in the first four dogs, which 
received the sodium phosphate. However, the sodium in the 
serum, and no doubt in the tissues, was lowered in the process of 
neutralization and excretion of the injected acid. This lowered 
sodium apparently explains the absence of tetany after the in- 
jection of phosphoric acids. 

It has been found by Loeb (14), Mathews (15), and others that 
the anions are not without an effect on the maintenance of a 
normal irritability of the muscle and nerve cells. Loeb found 
that when the minimal stimulating concentration of sodium 
chloride was 0.0625 m, the same effect was produced by an 0.0625 
to 0.03125 m solution of sodium bicarhonate and a m/128 solution 
of dibasic sodium phosphate. In the present experiment there 
is no evidence that the phosphates have any definite effect in 
the production of tetany such as the work of Loeb would indicate. 

In some of the dogs a definite change occurred in the pH of 
the serum. Attention has been drawn to the fact that calcium | 
salts tend to become less ionized in alkaline solutions (16). The 
converse is true. It is highly improbable, however, that the 
presence or absence of tetany was due to a decreased or increased 
ionization of the calcium salts. 
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The theory advanced by Collip and Backus and Grant and 
Goldman offers an adequate explanation for the development of 
tetany after the administration of sodium bicarbonate reported 
by Howland and Marriott (3) and Harrop (17). In the cases 
(infants) reported by Howland and Marriott there is considerable 
evidence that the kidney function was not normal (diagnoses, 
burn, severe diarrhea, and pyelitis). Harrop’s patient was an 
adult with anuria. Applying this theory, we may assume that 
tetany may be produced by a retention of sodium salts due to 
either a defective action of the kidneys or the injection of large 
quantities of sodium under such conditions that the normal kid- 
ney action cannot remove it rapidly enough from the body to 
prevent an accumulation in the tissues. 


Gastric Tetany. 


It is of interest to note the blood changes which occur in gastric 
tetany. MacCallum and his coworkers (18) produced tetany 
in dogs by obstruction of the pylorus. These investigators found 
that with the production of tetany there was an increase in the 
CO.-combining power of the plasma and a decrease in the chlorides. 
In somewhat similar experiments Hastings, Murray, and Mur- 
ray (19) also found an increase in the CQO.-combining power of 
the plasma and a decrease in the chlorides. In addition the 
sodium in the serum was found to be decreased (in two out of 
three dogs) and the calcium slightly increased. During the past 
2 years, the author has had the opportunity of estimating the 
calcium in the serum in two patients with gastric tetany. In 
-both cases the calcium content was normal: 10.0 and 10.6 mg. 
per 100 cc. In one case”? the sodium, potassium, chlorine, and 
CO.-combining power of the serum were also determined. The 
concentrations found in this case and the average normal values 
per 100 cc. of serum are as follows: Na 287 mg., normal 335 mg.; 
K 10.6 mg., normal 20.0 mg.; Cl 215 mg., normal 360 mg.; CO.- 
combining power 103 volumes per cent, normal 65 volumes 
per cent. 


2 This was an adult patient in the Johns Hopkins Hospital, Baltimore. 
The author is indebted to Dr. W. W. Palmer for the chlorine and CO, values 
which were determined in his laboratory. The calcium and potassium 
concentrations were determined by the author in the laboratory of the 
Department of Pediatrics, Johns Hopkins University. 
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It is seen that the sodium-calcium ratio is disturbed in the 


opposite direction to that which occurs in other types of tetany. 
Probably the most significant change is the marked increase in 
the bicarbonate anion. The importance of this anion has been 
emphasized by Collip (16) who considers it may have a specific 
action in the production of tetany. 


It is thus evident that tetany may develop notwithstanding 


a diminished ratio of sodium to calcium in the serum. 


CONCLUSIONS. 


1. The sodium-calcium ratio is the important factor in the 


production of tetany, with the exception of the gastric type. 


2. Gastric tetany is not due to a disturbance of the sodium- 


calcium ratio but apparently to an increase of the bicarbonate 
ion. 


3. No evidence has been found that the calcium-phosphorus 


ratio has any influence on the production of tetany. 
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STUDIES OF HUMAN MIXED SALIVA. 


I. THE DETERMINATION OF THE HYDROGEN ION CONCEN- 
TRATION OF HUMAN MIXED SALIVA.* 
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(From the Robert Hare Laboratory of Chemistry, School of Medicine, 
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(Received for publication, June 24, 1922.) 
INTRODUCTION. 


Variations in the composition of human mixed saliva, 7.e. 
saliva as it normally is found in the mouth, consisting of a 
mixture of the secretions of the submaxillary, sublingual, parotid, 
and buccal glands, have been noted in various conditions of 
health and disease by countless investigators. The salivary 
reaction, particularly, has been the subject of many reports for 
almost a century. 


In 1835, Donné (1) reported that although he found the saliva normally 
alkaline to litmus, he had found it acid in many diseases, including encepha- 
litis. In 1844, Wright (2) attempted to elaborate a diagnostic system of 
salivary analysis. About the same time, Simon (3) wrote at length on 
‘morbid saliva’’ as distinct from ‘‘normal.’’ Among other studies of a 
similar character were those of Binet (4) in 1884, Sticker (5) in 1889, Die- 
minger (6) in-1898, Michaels (7) in 1902, and Fleckseder (8) in 1916. Since 
1901, Kirk has been the chief exponent of the concept of ‘‘the saliva as an 


* This investigation was undertaken at the request and with the coopera- 
tion of the Directors of the Psychological Laboratory and Clinic of this 
university, to determine if the salivary reaction might be of value as an 
addition to the usual clinical tests and measurements employed in making 
a psychological diagnosis. 

The writer desires to express his sincere thanks for their kindly criti- 
cism, advice, and cooperation to Dr. Glenn E. Cullen, Dr. Edward C. Kirk, 
Dr. John Marshall, Dr. E. B. Twitmyer, and Dr. Lightner Witmer. The 
advice of Dr. Cullen, particularly with reference to the technique employed 
for pH and CO; determinations and in the preparation of the manuscript, 
has been especially helpful and is greatly appreciated. 
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index of faulty metabolism” (primarily in relation to the etiology of dental 
caries) and has conducted and fostered many investigations (9-14). In 
1916, Marshall (15-19) studied the salivary reaction in various physiological 
and pathological conditions, including dementia priecox and epilepsy, by 
means of a titration technique (‘‘salivary factor’’ and ‘‘total neutralizing 
power’’) which he had developed for the study of dental caries. In 1918, 
Ludlum (20) reported two sets of litmus paper reactions of successive 
specimens of saliva derived from two subjects whom he regarded as repre- 
senting different types of insanity. The chemistry of the saliva, espe- 
cially as a factor in dental hygiene, and the quantitatively determined 
salivary reaction in relation to the nature of substances taken into the oral 
cavity, has been intensively studied by Gies (21-28), Pickerill (29), and 
Prinz (30-32). Since 1919 Sullivan and his colleagues (33, 34) have been 
investigating the saliva of pellagra patients at various stages of the disease, 
employing refined quantitative methods, with especial reference to sul- 
focyanate content. 


The peculiarly contradictory findings of many investigators, 
the innervation of the salivary glands by both cranial and sym- 
pathetic nerves, and the variation in quality and quantity of 
secretion depending upon the nerve stimulated (see Heidenhain 
(35) and Langley (36)); the adaptation of secretion to the ingested 
substance and the reflex secretion arising from purely psychic 
stimuli (Pawlow, 37); together with the dry mouth of fear (con- 
sidered by Cannon, 38) and the drooling of the idiot:—these factors 
render the problem of correlation between salivary composition 
and metabolic disorder a promising field for research. 

Almost all of the investigators mentioned were interested in 
the salivary reaction as the principal variant. The early investi- 
gators employed the crude litmus paper test, reporting specimens 
simply as ‘‘acid” or “alkaline.’”’ Probably the first reliable 
quantitative determination of the degree of acidity or alkalinity 
of human mixed saliva was that of Chittenden and Ely (39) who, 
in 1883, found the average alkalinity for fifty-one specimens as 
determined by titration with cochineal as indicator, to be 0.08 
per cent “expressed as sodium carbonate.” 


A subsequent series by Chittenden and Smith (40) published in 1885 
gave a mean of 0.097 per cent similarly expressed. Schlesinger (41) ob- 
tained somewhat lower findings, reporting, in 1891, an average of 0.032 per 
cent, also expressed as sodium carbonate. Other investigators have re- 
ported on the alkalinity of the saliva expressed in terms of sodium hydrox- 
ide, among which may be mentioned Szabo (42) who, in 1900, found the 
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alkalinity of the saliva to vary between 0.058 and 0.064 per cent. Cohn (43) 
also in 1900, reported the alkalinity as varying from 0.002 to 0.048 per cent 
expressed as NaOH. Probably the most extensive series of determinations 
of both “‘acidity’’ and ‘‘alkalinity’’ of human mixed saliva was that con- 
ducted by Gies (26) in 1916. In his report, Gies makes the statement that 
his results ‘“‘have shown that salivary secretion varies, both qualitatively 
and quantitatively, within limits that are independent of any mechanical 
stimulus or any dental condition’’—a highly suggestive observation from 
the point of view of the present investigation. 

In each of the above mentioned researches, all quantitative determina- 
tions were made by titration, the indicators most frequently employed 
being litmus, cochineal, lacmoid, methyl orange, p-nitrophenol, and 
phenolphthalein. The work was, consequently, on the ‘‘quantity factor” 
rather than the “‘intensity factor’’ of the acidity. 

Very few investigations of the actual hydrogen ion concentration of 
saliva have been reported. Foa (44) is usually cited in this connection, 
and his findings, by the electrometric method, were reported in 1906. He 
found the mixed saliva before and after eating to have a hydrion concen- 
tration corresponding respectively to pH 8.2 and 8.3. 

Kirk (12) published a series of determinations made by means of the 
Hildebrand hydrogen electrode in 1914. His findings were pH 7.9, 5.6, 
6.4, 7.7, 8.1, 7.5, 6.4, 6.2, and 8.6. 

Michaelis and Pechstein (45) in the course of an investigation of con- 
ditions affecting the activity of salivary diastase, in 1914, reported electro- 
metric determinations of the hydrion concentration of three samples of 
saliva, undiluted; two samples diluted with ‘‘gewéhnlichem’’ distilled 
water (presumably containing some CQ2); and one specimen diluted with 
recently boiled freshly distilled water (7.e., approximately carbon dioxide- 
free). In each instance of dilution 1 volume of saliva was diluted with 
9 volumes of water. Their results were: undiluted saliva, pH 6.79, 6.91, 
and 6.92; saliva diluted with ‘‘gewéhnlichem’’ distilled water, pH 6.65 and 
6.34; saliva diluted with freshly boiled recently distilled water, pH 7.01. 
Their conclusion (Michaelis and Pechstein (45), p. 92) is ‘‘Da die neutrale 
Reaktion bei 7.07 (18°) liegt, so ist also der Speichel leicht sauer.’’ 


A careful study of the literature has revealed only the above 
cited researches of Foa, Kirk, and Michaelis and Pechstein as 
stating definitely the hydrion concentration of human saliva, 
electrometrically determined. As to colorimetric determinations, 
Graham (46) made some pH determinations in an investigation 
of litmus as an indicator of the salivary reaction within certain 
limits. In 1920, Bloomfield and Huck (47) in the course of an 
investigation of the bacteria of the oral cavity, colorimetrically 
determined the pH of a number of specimens of saliva. Unfor- 
tunately in the former investigation the saliva was dialyzed and 
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in the latter it was centrifuged, both procedures no doubt resulting 
in loss of CQ. and resultant inerease in pH, as indicated in a 
subsequent section. It is of interest to note in this connection 
that in 1916 Gies pointed out that centrifugation of mixed saliva 
results in inerease of the supernatant liquid’s alkalinity to 
phenolphthalein (25). 

The suggestive fluctuations of the “quantity factor’ of acidity 
of mixed saliva as reported by many investigators, the meagerness 
of data upon the “intensity factor’ or hydrion concentration, 
especially as regards colorimetric determinations thereof, together 
with a realization of the ease with which such determinations might 
be made by adapting the technique instituted by S¢rensen (48), 
Henderson and Palmer (49), Clark (50), and Cullen (51, 52) led 
directly to the experiments reported in this article. 


EXPERIMENTAL. 


Methods. 


The method which has been found most satisfactory and which 
has been employed throughout the present investigation (except 
when otherwise stated in the text) is briefly as follows. 


The saliva is collected under oil! in a clean receiver. 1 ce. is then re- 
moved by means of a pipette and transferred to a test-tube containing 9 ce. 
of freshly boiled distilled water (pH 6.6 to 6.7) and 1 ec. of 0.01 per cent 
aqueous solution of dibromothymolsulfonephthalein also under oil. The 
saliva and diluent are then mixed thoroughly by stirring with the flattened 
end of a glass rod beneath the level of the supernatant oil layer.! After 
the diluted saliva is of uniform virage throughout,? the pH is determined 
by comparison with suitable standards against a milk-glass background. 


Notes. 


1. Preliminary to using any article coming into contact with the saliva 
—test-tube, pipette, ete.—it is washed and rinsed thoroughly with dis- 
tilled water and then tested with a few cc. of dilute indicator solution 
(e.g., 0.001 per cent brom-thymol blue). 


1 As in Cullen’s method for determination of plasma pH (see Cullen, 
G. E., J. Biol. Chem., 1922, lii, 501). 

? The term ‘‘virage’’ was suggested by Sgrensen and adopted by Clark 
(Clark, W. M., The determination of hydrogen ions, Baltimore, 1920, 38). 
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”. When distilled water was boiled vigorously for a few minutes and 
then allowed to cool to about 18°C. in a tightly closed glass-stoppered 
flask, the pH was approximately pH 6.6 to 6.7. Further boiling may result 
in a higher pH. However, pH 6.6 to 6.7 has been chosen as standard for 
the water employed in this investigation, as it 1s more readily attained 
and maintained than is a higher pH value. 

3. Brom-thymol blue as employed serves very well for the determination 
of hydrion concentrations between pH 5.2 and 7.2, thus including the nor- 
mal range of salivary pH. For values above pH 7.00 phenol red (0.005 per 
cent) has been employed to advantage in the same manner. The actual 
quantity of indicator added is such as to give quite distinguishable virages 
over the range above indicated. The percentage of the solution employed 
is such that 1 ee. may be added instead of the usual drop or drops. 1 ce. 
may be measured more accurately by means of a pipette than can a drop 
by means of arod ordropper. Moreover, the solution is thereby rendered 
so dilute that a slight error in the measurement thereof will have but a 
negligible effect upon the total amount of indicator added, thus tending 
to keep more nearly standard the conditions of intensity and brilliance of 
virage. 

In lieu of preparing for each test a mixture of 1 ec. of indicator and 9 ce. 
of distilled water (pH 6.6 to 6.7), 10 ec. of a stock indicator solution of 
one-tenth the strength of that cited may be employed, in which case the 
pH of the diluent is obvious without further testing. 

4. Sgrensen’s standards of m/15 primary potassium phosphate and 
secondary sodium phosphate solutions, prepared from Merck’s chemicals 
were employed. They covered the range from pH 5.0 to 8.0 at intervals 
of 0.1 pH. Readings were made to 0.05 pH. Each standard is prepared 
in a manner similar to that employed for the salivary pH determinations 
and is kept sealed in hard glass ampules for more or less ‘‘permanent”’ use. 
It is necessary to check up the series from time to time by comparison with 
freshly prepared standards—a precaution employed weekly during the 
present investigation. 

The use of the Walpole comparator, or the method of superposition, is 
seldom necessary as the saliva is but rarely colored. It is, however, fre- 
quently quite turbid and it is because of this interfering turbidity that 
dilution and the milk-glass backing are employed. 


Dilution.—The saliva is diluted in the ratio of 1: 9 with dis- 
tilled water, which is practically the same dilution as employed 
by Michaelis and Pechstein (45) and also by Bloomfield and Huck 
(47). To determine the effect of such dilution upon the salivary 
pH, a quantity of saliva was collected under oil and portions of 
it were transferred by means of a pipette to a series of test-tubr 5 
containing (also under oil) such amounts of distilled water as to 
render the proportion of saliva to water successively: 1 part of 
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saliva to 0, 1, 3, 5, 7, 9, 12, 15, and 20 parts of water. In each 
tube there had been previously placed and mixed with the water 
such a quantity of 0.01 per cent brom-thymol blue solution that 
the indicator was always present in the proportion of 1:10 with 
respect to the total quantity of diluted saliva. Fifty specimens 
of saliva were thus investigated. The results are indicated in 
Fig. 1. The initial pH of the salivas examined ranged from 5.90 
to 6.85. Temperature was at all times between 18 and 20°C. 
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Fia. 1. Dilution curve of human mixed saliva. Increases in pH given 


in 0.01 pH terms, are average values. The mean deviation from the aver- 
age increase at plateau level was less than 0.05 pH. 


It is evident that the saliva undergoes a slight increase in pH 
on dilution up to a proportion of 1:3 or 1:5, when a plateau is 
reached and maintained at least until the dilution is 1:12. The 
slight increase noted (in 94 per cent being 0.05 pH or less ) is of 


relatively little importance in this investigation, inasmuch as 


readings were made only to 0.05 pH. 


It should be noted, however, that dilution of the saliva in the ratio of 1:5 
was accompanied by an increase in 30 per cent of the specimens of 0.05 
pH and 6 per cent increased 0.10 pH. The values of pH found by this 
method of dilution should, therefore, probably be reduced by 0.05 pH to 
obtain a value more closely approximating that of the undiluted saliva. 
As to the actual hydrion concentration corresponding to the values found 
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by the colorimetric method, no definite formula can be given, inasmuch as 
electrometric determinations to correlate the methods (involving deter- 
mination of protein error) have not yet been made. In the light of Cullen’s 
work on the colorimetric determination of the pH of blood plasma (52), 
it is probable that the method herein described yields somewhat too high 
pH values. In the present investigation, however, this is of relatively 
slight import inasmuch as the determinations were made for comparison 
of pH value found for different specimens of saliva when the same method 
was employed. 


Collection of Specimen. Influence of Paraffin as Activator. 


The work of Gies, Marshall, and others indicates that ‘‘acti- 
vated” saliva is quantitatively more alkaline than “normal resting 
saliva.” Although it appeared most probable that the same 
conditions would be found with regard to the salivary pH, the 
assistance which paraffin might give in facilitating the collection 
of specimens in quantity rendered it advisable to make a defi- 
nite trial of its usefulness. 


Each subject was seated comfortably before a rack containing three 
test-tubes, each containing about 1 ec. of oil and a thistle tube leading 
below the surface of the oil. The saliva was allowed to accumulate in the 
mouth during 5 minute periods, during which time the mouth was kept 
closed. The first sample was taken 5 minutes after the subject had seated 
himself and allowed the saliva to collect normally prior to ejecting it 
through the funnel tube into the test-tube below the surface of the oil. 
After ejection of the first sample, the subject was at once given a paraffin 
cube, previously tested for neutrality, which he chewed fairly vigorously 
for a second 5 minute period. He then ejected the accumulated saliva, 
removed the paraffin and ‘‘rested’’ 10 minutes, when he again allowed the 
saliva to accumulate normally, ejecting it at the expiration of the third 
5 minute period. The salivary pH was always determined immediately 
after ejection. The results thus obtained in a series of ten experiments on 
five subjects appear in Table I. 


The data in Table I show clearly that the use of even so inert 
an activator as paraffin is precluded in obtaining specimens of 
saliva, inasmuch as in every instance its use resulted in an increase 
in pH of from 0.10 to 0.60 pH. Ineachinstance, it may also be 
noted, the pH decreased to approximately its initial value after 
removal of the paraffin and 10 minute rest. 
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saliva to 0, 1, 3, 5, 7, 9, 12, 15, and 20 parts of water. In each 
tube there had been previously placed and mixed with the water 
such a quantity of 0.01 per cent brom-thymol blue solution that 
the indicator was always present in the proportion of 1:10 with 
respect to the total quantity of diluted saliva. Fifty specimens 
of saliva were thus investigated. The results are indicated in 
Fig. 1. The initial pH of the salivas examined ranged from 5.90 
to 6.85. Temperature was at all times between 18 and 20°C. 
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Fic. 1. Dilution curve of human mixed saliva. Increases in pH given 


in 0.01 pH terms, are average values. The mean deviation from the aver- 
age increase at plateau level was less than 0.05 pH. : 


A. 


It is evident that the saliva undergoes a slight increase in pH 
on dilution up to a proportion of 1:3 or 1:5, when a plateau is 
reached and maintained at least until the dilution is 1:12. The 
slight increase noted (in 94 per cent being 0.05 pH or less ) is of 
relatively little importance in this investigation, inasmuch as 
readings were made only to 0.05 pH. 


It should be noted, however, that dilution of the saliva in the ratio of 1:5 
was accompanied by an increase in 30 per cent of the specimens of 0.05 
pH and 6 per cent increased 0.10 pH. The values of pH found by this 
method of dilution should, therefore, probably be reduced by 0.05 pH to 
obtain a value more closely approximating that of the undiluted saliva. 
As to the actual hydrion concentration corresponding to the values found 
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by the colorimetric method, no definite formula can be given, inasmuch as 
electrometric determinations to correlate the methods (involving deter- 
mination of protein error) have not yet been made. In the light of Cullen’s 
work on the colorimetric determination of the pH of blood plasma (52), 
it is probable that the method herein described yields somewhat too high 
pH values. In the present investigation, however, this is of relatively 
slight import inasmuch as the determinations were made for comparison 
of pH value found for different specimens of saliva when the same method 


was employed. 


Collection of Specimen. Influence of Paraffin as Activator. 


The work of Gies, Marshall, and others indicates that ‘‘acti- 
vated” saliva is quantitatively more alkaline than “‘ normal resting 
saliva.” Although it appeared most probable that the same 
conditions would be found with regard to the salivary pH, the 
assistance which paraffin might give in facilitating the collection 
of specimens in quantity rendered it advisable to make a defi- 
nite trial of its usefulness. 


Each subject was seated comfortably before a rack containing three 
test-tubes, each containing about 1 cc. of oil and a thistle tube leading 
below the surface of the oil. The saliva was allowed to accumulate in the 
mouth during 5 minute periods, during which time the mouth was kept 
closed. The first sample was taken 5 minutes after the subject had seated 
himself and allowed the saliva to collect normally prior to ejecting it 
through the funnel tube into the test-tube below the surface of the oil. 
After ejection of the first sample, the subject was at once given a paraffin 
cube, previously tested for neutrality, which he chewed fairly vigorously 
for a second 5 minute period. He then ejected the accumulated saliva, 
removed the paraffin and ‘‘rested’’ 10 minutes, when he again allowed the 
saliva to accumulate normally, ejecting it at the expiration of the third 
5 minute period. The salivary pH was always determined immediately 
after ejection. The results thus obtained in a series of ten experiments on 
five subjects appear in Table I. 


The data in Table I show clearly that the use of even so inert 
an activator as paraffin is precluded in obtaining specimens of 
saliva, inasmuch as in every instance its use resulted in an increase 
in pH of from 0.10 to 0.60 pH. Ineachinstance, it may also be 
noted, the pH decreased to approximately its initial value after 
removal of the paraffin and 10 minute rest. 
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TABLE I. 
The Effect of Chewing upon the Salivary pH. 


Reaction of human mixed saliva collected in 5 min. periods. 
Subject. 
Before chewing. While chewing. 10 min. after chewing. 
pH pH pH 

6.40 6.95 6.55 

6.695 6.85 6.60 
hi 6.25 6.85 6.30 

6.385 6.70 6.30 
KN 6.40 6.75 6.55 
IG 6.40 6.70 6.35 

6.85 7.05 6.75 
BMT 6.75 6.95 6.80 

6.85 7.00 6.80 

6.90 7.00 6.85 


Treatment of Specimen after Ejection. 


I:xperiments were made to determine how long after ejection 
from the mouth human mixed saliva may be exposed to air at 
ordinary temperatures without undergoing change in hydrion 
concentration. It appeared probable that the salivary pH would 
increase more or less rapidly from loss of CO., and that this loss 
would be prevented by covering the saliva with oil, a precaution 
found necessary by Bloomfield and Huck (47). 

Hach subject was instructed to retain the saliva as it collected naturally 
in his mouth until he had a ‘“‘mouthful’’ and then to eject it into a small 
thistle tube leading below the surface of a few cc. of oil in a clean test- 
tube, in the usual manner. The quantity varied with different individuals, 
some apparently regarding 1 ec. as a ‘‘mouthful,’’ while others furnished 
as much as 10 ce. at a single ejection. With care, about 5 cc. could usually 
be collected. The pH of the saliva was determined immediately after 
ejection. Approximately half of the saliva was then drawn by means of 
a pipette from below the surface of the oil and placed in a similar test-tube 
exposed to the air. At intervals the pH of the saliva in each tube was 
determined until the supply of the particular specimen, exclusive of dregs, 
was exhausted. 


Twelve specimens were thus examined. Only two of those 
which were under oil showed any increase after standing for 20 
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minutes, and they increased by but 0.05 pH. Of the portion 
exposed to the air, all had increased after 20 minutes exposure from 
0.05 to 0.40 pH, and three-fourths of them increased 0.05 to 
0.10 pH after but 2 minutes exposure. 

It is obvious, therefore, that mixed saliva speedily increases in 
pH when allowed to stand exposed to air at ordinary room tem- 
peratures, and that oil employed as indicated in the preceding 
description of the general method is a necessary and adequate 
protection. 


Determinations without Oil. Method B.—In certain investigations in 
the earlier stages of the present research oil was not employed and the 
saliva was mixed with diluent and indicator by pouring rapidly from one 
test-tube into another for a period of less than 1 minute. This resulted 
uniformly in loss of COz and increase in pH, as shown by the results of a 
series of 100 parallel determinations made in this manner and by the method 
employing oil as described in the text. The average increase was 0.15 pH, 
and the average deviation therefrom was less than 0.05 pH. Since the 
dilution effect is approximately 0.05, the findings of the non-oil method, 
as employed, may be regarded as uniformly 0.20 pH higher than the pH 
of the original undiluted saliva. Findings obtained by this method will 
be reported in certain instances in this series, but will always be accom- 
panied by the statement that they were obtained by the non-oil method. 

It should be noted that the non-oil method is not recommended, for 
lack of care in mixing, or undue prolongation of the pouring can lead to an 
error of 0.45 pH, or more. 0.15 pH is presented as the increase arising 
from the method as employed in this investigation. 


Centrifugation.—Since simple exposure to air results in loss of 
CO, and consequent increase in pH, it would seem evident that 
centrifugation, in the usual manner,’ results in even greater loss of 
CO.. In 1916, Gies (26) reported that centrifugation of saliva 
results in decreased acidity of the supernatant layers to phenol- 
phthalein and increased acidity at the lower levels. The following 
determinations were carried out to determine the effect of centrifu- 
gation on mixed saliva, in terms of pH. 


20 cc. of mixed saliva were collected from each subject, who was allowed 
to eject several ‘‘mouthfuls”’ to obtain that quantity. The saliva was col- 
lected below a 2 ce. layer of oil in a graduated 25 ce. cylinder in which had 


3’ For adequate measures to be employed in the centrifugation of carbon 
dioxide-containing solutions to avoid loss of carbon dioxide, see Cullen, 
G. E., J. Biol. Chem., 1922, lii, 508. 
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been placed 2 ce. of the brom-thymol blue solution, the ejections being 
made into a funnel tube leading below the level of the oil. When the 
desired amount of saliva had been collected it was thoroughly mixed witb 
the indicator by stirring in the usual manner. 11 cc. were then trans- 
ferred by means of a pipette to a 15 ec. centrifuge tube containing 1 ce. 
of oil, below which the saliva and indicator mixture were introduced. The 
tube was then stoppered tightly with a rubber cork leaving an air-space of 
about 2ce. A second 11 ce. portion was placed in a similar centrifuge tube 
without a protective oil layer and uncorked. The pH was determined by 
comparison with standards in the same type of centrifuge tubes. Both 
tubes containing saliva were then centrifuged for 10 minutes at the rate 
of 2,500 revolutions per minute, when they were removed, the pH of each 
Was again determined and any difference in pH at different levels in the 
tubes carefully noted. The sediment was then stirred thoroughly with the 
supernatant liquid in each tube and the pH again determined. 


This procedure was repeated on ten specimens obtained from 
four subjects. The initial pH values of the specimens ranged from 
pH 6.55 to 6.85. After centrifugation, all the specimens showed 
an increase in pH of the supernatant liquid. In the open tubes, 
the increment was from 0.15 to 0.55 pH and averaged 0.30. In 
the stoppered tubes the increment was from 0.05 to 0.20, averaging 
less than 0.15 pH. No definite pH value can be given for the 
lowest stratum of semisolid material which displayed a virage 
considerably below the limits of accuracy of the indicator employed; 
7.e., below pH 5.2. After mixing this material, which was mark- 
edly present in all but two specimens, with the supernatant liquid, 
the resultant mixture, in the open tubes, invariably showed a 


lower pH than did the unmixed supernatant liquid, but not as— 


low as the initial salivary pH. Thus, after mixing, in the open 
tubes the pH was still 0.10 to 0.30 pH higher than the initial value. 
In the corked tubes, the mixture was 0.05 to 0.10 higher in pH 
value than was the initial value. 

It is evident, therefore, that centrifugation as employed results 
in loss of CO, and precipitation of a substance of greater hydrion 
concentration than the supernatant liquid, both of which effects 
result in increased pH of the supernatant liquid. This increase 
is greater in the case of saliva exposed to the air than in that 
partially protected by oil and stopper. In the latter the CO, 
no doubt came into partial equilibrium with the CO, in the oil and 
air-space above the liquid, with consequently less loss of CQkz. 
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If centrifugation is to be employed at all, it is obvious that rigid 
precautions must be taken to avoid loss of carbon dioxide. More- 
over, precipitation of the acidic sediment (termed “acid mucinate”’ 
by Gies (24)) may lead to erroneous findings as to pH value. 


CONCLUSION. 


A method for the colorimetric determination of the hydrogen 


ion concentration of human mixed saliva is described, together 
with the precautions necessary. Activators, such as paraffin, 
result in increase of salivary pH. 
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STUDIES OF HUMAN MIXED SALIVA. 


II. VARIATIONS IN THE HYDROGEN ION CONCENTRATION OF 
HUMAN MIXED SALIVA. 
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(Received for publication, June 24, 1922. 


The fact that human mixed saliva loses COs very readily 
and increases in pH, as noted in the preceding article in this 
series, indicates the importance of the HeCO3: BHCO; ratio! in 
determining the hydrogen ion concentration. This is quite in 
accord with the findings of various quantitative investigations of 
salivary acidity. Thus Dieminger (2) concluded that saliva will 
always be found alkaline if one uses an indicator insensitive to 
carbon dioxide. In 1914, Gies (3) pointed out that aerating 
saliva causes a decomposition of soluble bicarbonate with elimina- 
tion of carbon dioxide, so that the original reaction of the saliva 
cannot be accurately determined after aeration.’ 

Study of the H.CO3: BHCO; ratio in mixed saliva at various 
hydrion concentrations and alveolar CQ, tensions, ete., and of the 
base content of the saliva is now in progress and will be reported 


1 Terminology used by Van Slyke (1). The use of B as the general 
symbol of a univalent base, rather than the formerly indiscriminately 
applied ‘‘Na’’ is particularly useful in the case of human mixed saliva, 
in which there is three to five times as much K as Na. 

2 In the earlier stages of the present research, CO:-free air was passed 
successively through saliva to which an indicator had been added (brom- 
thymol blue) and then through standard Ba(OH), solutions. The amount 
of CO, absorbed by the latter was determined by titration and the change 
in pH of the saliva was also noted. It was found that increase in pH of the 
aerated saliva and elimination of CO, took place pari passu. The violent 
agitation of the saliva during aeration precluded precipitation of any acidic 
sediment and consequently the decrease in acidity was attributable to loss 
of COs, 
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in this series. As a result of a preliminary survey, involving a 
number of simultaneous determinations of salivary pH and of 
total CO, content of the saliva, made by means of the Van Slyke 
apparatus, in the standard manner, it is evident that the hydrion 
concentration of the mixed saliva is largely determined by the 
; content of the saliva. 


Influence of Alveolar COz on Salivary pH. 


To determine whether the salivary pH varies inversely with the 
alveolar CO. simultaneous determinations of salivary pH and 
alveolar CO. were made at intervals during days of mixed diet 
and normal activity on five healthy and normal subjects. In 
order to insure making determinations when the alveolar COs. 
content varied, specimens were taken before and after the noon 
meal, inasmuch as Van Slyke, Stillman, and Cullen (4) have 
confirmed the findings of Higgins (5) and others that digestive 
activity is accompanied by a rise in alveolar CO,:. Prior to 
ejection of the saliva, the mouth was kept closed for 5 minutes, 
the saliva was then collected under oil and its pH determined 
as described in the preceding article. The sample of alveolar 
air was taken immediately after ejection of the saliva, and the 
COs content was determined by the Fridericia method (6), care 
being taken by the subjects to avoid either holding the breath 
or taking a preliminary deep inspiration. The results are given 
in Table I, and a typical series is shown in Fig. 1. 

The findings presented in Table I and Fig. 1 indicate a 
close correlation between salivary hydrion concentration and 
alveolar COs. 


Alkali Retention. 


As a further test along lines similar to the above, a modification 
of the alkali retention test was employed. The subject was ex- 
amined as to salivary and urinary pH and then immediately in- 
gested 10 to 20 gm. of NaHCOs, with a copious draught of water. 
At intervals the pH determinations were repeated.* During the 
course of the experiment, no food was eaten, water was taken as 
desired, the subjects were normally active, the environment quite 


§ Both saliva and urine were collected and kept under oil during the pH 
determinations. 
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calm, and consequently the effect of the ingestion of the NaHCO; 
could be observed without hindrance. The experiment was re- 
peated ten times with four healthy normal subjects. In every 
instance it was found that as the urinary pH increased, the sali- 
vary pH decreased. <A typical series is shown in Fig. 2. 


TABLE I. 
Variations in Salivary pH and Alveolar CO;z after Noon Meal. 


No. Subject. Time in relation to meal. Salivary. Alveolar COz. 

pH per cent 

1 IFT 20 min. before. 6.75 5.50 
40 “ after. 6.60 5.70 

2 IFT 20 6.60 5.75 
40 “ after. 6.50 6.05 

3 IG 20 “ before. | 6.65 6.00 
40 “ after. 6:50 6.05 

4 KH 6.25 6.45 
60 “ after. 6.00 6.75 

90 * 6.15 6.50 

§ GXT 20 6“ before. 6.75 5.45 
40 “ after. 6.55 6.05 

6 KkkKs 20 “ before. 6.35 6.10 
40 “ after. 6.40 6.10 

7 IFT 20 ~=before. 6.55 5.95 
40 “ after. 6.50 6.05 

60 “ 6.45 6.15 

90 * 6.35 6.50 

120 “ es 6.50 6.10 


The results show that after the ingestion of the bicarbonate, 
the H ion concentration of the mixed saliva increased while that 
of the urine decreased; 7.e., the salivary pH varied inversely with 
that of the urine in every instanee. Thus while the bodily fluids 
in general may be regarded as becoming more “alkaline” as the 
result of the administration of sodium bicarbonate, the mixed 
saliva became more “acid.”’ 
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Fic. 1. Variations of salivary pH with alveolar CO. (Experiment 7, 
Table I). 
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Fic. 2. The effect of the ingestion of 20 gm. of NaHCO; upon salivary 
and urinary pH. 
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These findings tend to explain and reconcile the findings of 
two investigators in different biochemic fields. Von Noorden (7) 
found that removal of carbohydrates from the diet of an individual 
is usually followed within 24 hours by a definite ‘physiological 
acidosis” with characteristic excretion of acetone bodies. Kirk 
(8) found that the removal of carbohydrates from the diet of 
certain patients tended to decrease the “‘acidity”’ of the saliva. 
The explanation may be that lack of carbohydrate ingestion 
may result in an acetone body acidosis with a decrease in the 
blood BHCQOs;, followed by a compensatory drop in the blood 
HCO; and alveolar CO, resulting in a more alkaline saliva. 


Voluntary Deep Breathing. 


It should be recalled in this connection, as Van Slyke (9) has 
pointed out, as regards the hydrion concentration of the blood 
expressed in terms of pH that “probably the extreme range 
compatible with life is 7.0 to 7.8. The normal range is possibly 
somewhat narrower than 7.3 to 7.5,” and that “by voluntary 
deep breathing, CO2 may be blown off until blood alkalinity rises 
to a pH of 7.7 or 7.8 (Davis, Haldane, and Kennaway, 1920; 
Collip and Backus, 1920) at which point symptoms of tetany 
appear.” 

To determine the effect of such ‘‘voluntary deep breathing” 
upon salivary pH, nine subjects were placed out of doors im- 
mediately after a salivary pH determination had been made in 
each case, and were required to inhale vigorously and deeply 
and exhale forcefully, keeping the mouth tightly closed, for 10 
minutes, at the expiration of which time the salivary pH was 
again determined. The results are given in Table II including 
those obtained from IFT after ingestion of 15 gm. of sodium 
bicarbonate, indicated in the table by the asterisk (*). 

Table II shows clearly that voluntary deep breathing in the 
open air for 10 minutes results in increase in salivary pH. The 
increases noted ranged from 0.15 to 1.15. It is evident, therefore, 
that any interpretation of salivary pH findings must take into 
consideration the breathing habits of and the air breathed by the 
subject. 

The factors discussed above, in addition to uncontrolled loss of 
CO2, probably furnish the explanation of the divergencies and 
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contradictions in the reports of various investigators of the 
“acidity”? of mixed saliva in various dental conditions, which 
have led some to regard an acid and others an alkaline saliva as 
indicative, and indeed causative, of the same dental disease. 
In 1916, Gies (10) stated that he had concluded it to be ‘“‘bio- 
logically absurd to deduce anything of diagnostic dental import 
from the nature and degree of reaction of any specimen or any 
pair of specimens, of saliva from anybody under any conditions.”’ 
This conclusion is sweeping, but the explanation is no doubt 


TABLE IT. 


The Effect of Voluntary Deep Breathing upon Salivary pH. 


Reaction of saliva. 
Subject. | 
Initial. A | Increase. 
pH pH pHi 

KH 6.75 6.90 0.15 
GQ 6.70 6.85 0.15 
6.75 6.95 0.20 
IFT 6.65 6.85 0.20 
IG 6.50 6.75 0.25 
GXT 6.85 7.10 0.25 
KN 6.40 6.70 0.30 
KKs 6.80 7.30 0.50 
BMT 6.25 6.85 0.60 
2.80 6.95 1.15 


*After the ingestion of 15 gm. of sodium bicarbonate. 


found in the simple fact that breathing conditions, probably 
through their effect upon the carbon dioxide tension of the blood 
and of the alveolar air, determine largely the free carbon dioxide 
content of the mixed saliva and thereby its hydrion concentration. 


Diurnal Rhythm in Salivary pH during Fatigue and Excitement. 


The findings of Chittenden and Richards (11), of Cohn (12), and 
of van der Molen and Offringa (13) indicated a diurnal rhythm 
in salivary alkalinity. It appeared not unlikely that there 
might be found a diurnal rhythm in salivary pH. Accordingly 
salivary pH determinations were made on a subject at half hour 
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intervals from 7.00 a.m. to 6.00 p.m. on a day of mixed diet and 
inactivity, on a day of mixed diet and normal activity, on a day 
of abstinence from food and inactivity, and on a day of abstinence 
from food and normal activity. The results indicated a drop 
in pH soon after the ingestion of food, followed by a rise except 
during an afternoon of fairly strenous activity when there was a 
steady fall during the afternoon working hours. Nine similar 
determinations were made on seven other subjects on days of 
mixed diet and normal working activity. They also showed de- 
creasing salivary pH with increasing fatigue. During this in- 
vestigation four of the subjects were emotionally excited at the 
time of the collection of a specimen of saliva—one by fear and 
three by anger. In each instance the salivary pH showed a 
sharp rise during excitement and a subsequent lowering of sali- 
vary pH as the excitement subsided. The increases noted were 
0.60, 0.45, 0.50, and 0.20 pH during excitement. 


Salivary pH of Normal Subjects and Stammerers. 


_ These findings were discussed with Dr. E. B. Twitmyer, Direc- 
tor of the Clinic for Speech Defects at this university. In his 
examination of stammerers for many years, he has found that a 
large number of them have so little chest expansion or are such 
shallow breathers that they may be termed “‘sub-breathers.”’ 
Often dull and lethargic, many appear to be chronically fatigued. 
Another type of stammerer which he has noted is the hyperex- 
citable psychopath. It appeared probable that the “‘sub- 
breathers” would show a low salivary pH and the chronically 
excited psychopaths, a high salivary pH. Accordingly pH de- 
terminations were made upon 610 specimens of saliva from 228 
healthy normal individuals, 200 specimens from 58 typical “‘sub- 
breathing” stammerers, and 50 specimens from’ 10 distinctly 
psychopathic stammerers. In every instance the mouth was 
kept closed for a period of 5 minutes during which the saliva was 
allowed to collect naturally. It was then ejected and its pH 
immediately determined.4 The results expressed in terms of rel- 
ative frequency are shown in the form of a triple graph in Fig. 3.4 


‘ For a detailed report of the work on stammerers, including the psycho- 
logical technique, interpretations, etc., see Starr, H. E., Am. J. Psychol., 
1922, xxxiil, 394. 
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Fig. 3 indicates that the salivary pH of the sub-breathers as a 
class is distinctly below, and that of the psychopaths distinctly 
above, that of the normal individual. The range of pH values 
for normal individuals was found to be from 5.75 to 7.05. The 
mean was 6.6, the median 6.6, and the mode 6.6 to 6.7 inclusive. 
86 per cent of the specimens ranged from 6.35 to 6.80 inclusive. 


Emotional Excitation. 


As a further test of correlation between salivary pH and emo- 
tional excitement, the following procedure was adopted. The 
salivary pH of a subject was determined. He was then sub- 
jected to an emotionalizing stimulus, carefully standardized, 
of such character that it produced no effect upon either a dull or 
normally stable individual, but was quite sufficient to disturb 
the unstable equilibrium of a hyperexcitable subject. After 5 
minutes of such stimulation, during which he was instructed to 


TABLE III. 
The Effect of an Emotionalizing Stimulus upon Salivary pH. 


Average increase above 


5 min. stimulus.| 10 min. rest. 
pH pH pH 
5.80 0.04 0.05 


keep his mouth closed, the salivary pH was again determined. 
He was then allowed a 10 minute rest period, after which a third 
salivary pH determination was made. Each time a specimen of 
saliva was taken, a clinical diagnosis of the subject’s emotional 
condition was made and_ recorded. Twenty-seven “‘sub- 
breathers” and ten psychopaths were thus examined. ‘The re- 
sults are summarized in Table III and tend to confirm the con- 
clusion that emotional excitement is accompanied by increase 1n 
salivary pH. 

Fig. 3 is adapted from Charts 1 and 2 in the above, the values having 


been corrected to approximate more closely the actual salivary pH, how- 
ever, inasmuch as Method B was employed in making these determinations. 
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CONCLUSIONS. 


1. The hydrogen ion concentration of human mixed saliva has 
been found to vary directly with the alveolar COs after the noon 
meal. It was also found to vary inversely with the hydrion 
concentration of the urine after the ingestion of large doses of 
NaHCO;. Vigorous forced breathing in the open air, with mouth 
closed, resulted in decreased acidity of the mixed saliva. 

2. The [H*] of the mixed saliva was found to vary inversely with 
the degree of energy displayed by an individual, increasing during 
fatigue and decreasing during emotional excitement. 

3. A group of stammerers who were habitually deficient in 
the use of their lungs and lethargic in behavior, showed a 
characteristically high salivary [H*]. A group of hyperexcitable 
psychopathic stammerers showed an equally characteristic low 
salivary [H*]. 

4. 610 specimens of human mixed saliva collected from 228 
healthy normal subjects varied in hydrogen ion concentration 
from pH 5.75 to 7.05. 86 per cent of the specimens were between 
pH 6.35 and 6.80 inclusive. The mean, mode, and median prac- 
tically coincided at about pH 6.60. 

_ 5. These observations indicate that the [H*] of the mixed saliva 
parallels the alveolar CO, and the H»CQ; content of the blood, rather 
than the [H*] of the blood. 
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THE STRUCTURE OF FUCOSE. 


By E, P. CLARK. 


(From the Polarimetry Section, United States Bureau of Standards, 
Washington.) 
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Some relationships existing between the constitution and 
optical rotatory powers of certain sugar derivatives have been 
discovered by Hudson and by Levene. Hudson (1) found that 
when the formula of a sugar acid lactone, 7.e., a gamma lactone, 
is written vertically thus, 


WwW 


the compound will rotate to the right when the lactone ring is 
on the right of the carbon chain; and, vice versa, when the ring 
is on the left of the chain, the compound will be levo-rotatory. 
As the position of the ring is determined by the position which 
the hydroxyl group had on the carbon atom 4 before the ring was 
formed, a means of determining the position of the hydroxyl 
group on this carbon atom is thus available. He also found (2) 
that the dextro-rotatory amides of the sugar acids have the hy- 
droxyl group on carbon atom 2 on the right of the carbon chain, 
while the levo-rotatory amides have the hydroxyl on the left. 
Levene (3) found that the same principle holds for metallic salts 
and phenylhydrazides of the sugar acids. 
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Now the configuration of fucose has been established (4) to 
be that of a methyl pentose, 


VA 


HO-C-H 

H-C-oH 

HOH 


the position of the hydroxyl group on carbon atom 5 not having 
yet been determined. It would follow from the above that if a 
methyl tetronic acid lactone could be obtained from fucose, it 
would be possible to apply the above rule to it and thus determine 
the position of the hydroxyl group on carbon atom 4 of the lac- 
tone, which corresponds to carbon atom 5 in fucose. Previous 
to the present investigation this compound had not been pre- 
pared; but Hudson and Chernoff (5) obtained a methyl tetronic 
acid lactone from rhamnose by applying a method devised by 
Nef, Hedenburg, and Glattfeld (6), for the oxidation of pentoses 
to the corresponding tetronic acids. The same results should 
be expected from fucose, giving the methyl tetronic lactone de- 
sired. This proved to be the case. A yield of 7.5 gm. of the 
substance was obtained from 50 gm. of fucose. The lactone was 
strongly levo-rotatory (—63.65°), which indicates that its configu- 
ration is 
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and hence, the configuration of fucose is 


H O 
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This is in accordance with the conclusion reached by Mayer and 
Tollens (7), based upon the similarity of the specific rotation of 
l-galactose (—81°) and fucose (—75.5°). 

Incidentally, the position of the other three hydroxyl groups 
in fucose may be verified by the same line of reasoning. Fuco- 
nic acid lactone (8) is dextro-rotatory (+71.7°); therefore, the 
hydroxyl on the carbon atom 4 will, according to the rule, be on 
the right of the carbon chain. Fuconic amide, on the other hand, 
as will be shown in the experimental part, is levo-rotatory 
(—31.13°); hence, the position of the hydroxyl group on carbon 
atom 2 is on the left of the carbon chain. The amide of the methyl 
tetronic acid was prepared, as described below, so that the posi- 
tion of the hydroxyl group on carbon atom 2 in this compound, 
corresponding to carbon atom 3 in fucose, could be verified. 
This substance was found to be dextro-rotatory (+18.48°); 
therefore, the hydroxyl group on this carbon atom is on the right 
of the chain. Its position is further established as Hudson has 
pointed out (4) by the fact that the methyl hexonic lactone pre- 
pared by Mayer and Tollens from fucose (9) is dextro-rotatory 
(+33.3°). It will be seen from the formula that the carbon 
atom 2 in the methyl tetronic acid becomes carbon atom 4 in 
either of the two fucohexonic acids. 

Thus, by the preparation of the methyl tetronic acid lactone 
from fucose and the application of the above rules to this sub- 
stance, the position of the hydroxyl group on the carbon atom 5 
of fucose has been determined. Likewise, the positions of the 
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hydroxyl groups on carbon atoms 2, 3, and 4 of this sugar, hereto- 
fore determined by purely chemical means, have been verified. 

The present communication also contains an improved method 
for the preparation of fucose. 


EXPERIMENTAL. 
Preparation of Fucose. 


About 10 kilos of seaweed,! which has been air-dried sufficiently 
to become brittle, are coarsely ground in a meat chopper. The 
ground material is then treated, at room temperature for 2 days, 
with 3 per cént HCl (3 liters to each kilo), after which it is re- 
peatedly washed with water by decantation until the washings 
are no longer acid to litmus. The residue is pressed out and 
dried. 

1 kilo of the dried substance is added to 8 liters of boiling 2 
per cent sulfuric acid and simmered for 3 hours. The undis- 
solved material is filtered upon large Buchner funnels and thor- 
oughly washed. The sulfuric acid in the filtrate and washings 
is neutralized with a paste of precipitated barium carbonate. 
The resulting barium sulfate is removed by filtering the solution 
through a thin layer of decolorizing carbon on moistened filter 
paper in a Buchner funnel. The filtrate is treated with basic 
lead acetate until no further precipitate is formed. The solu- 
tion is next freed from the lead precipitate, and the excess of lead 
in the filtrate removed by the cautious addition of dilute sulfuric 
acid. After the removal of the lead sulfate the solution is evapor- 
ated under diminished pressure to a syrup of about 175 ee. This 
syrup is dissolved in an equal volume of methyl alcohol by warm- 
ing on a water bath and sufficient ethyl alcohol added to make 
2 liters. The precipitate formed is filtered upon decolorizing 
carbon, as outlined above, and the filtrate evaporated to 150 ce. 
The syrup is washed from the flask with small portions of absolute 
alcohol by warming, and, when all is removed, sufficient absolute 
alcohol is added until the solution has a volume of 450 ee. 75 
gm. of phenylhydrazine are added and the mixture is placed in 

1The material used in this work was Ascophyllum nodosum, which was 


obtained from Woods Hole, Mass., through the courtesy of Dr. R. E. Coker 
of the United States Bureau of Fisheries. 
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an ice box over night to crystallize completely. The hydrazone 
is filtered and washed, first with absolute aleohol and finally 
with ether. The yield is 100 gm. 

To obtain the sugar, the hydrazone thus prepared is sufficiently 
pure. 75 gm. of the material are suspended in 1,800 ec. of water 
which is heated to about 90°C. and 36 gm. of benzaldehyde are 
added while the mixture is rapidly stirred. The stirring is con- 
tinued for 4 to 3 of an hour. It is advantageous to have an 
atmosphere of carbon dioxide in the flask to prevent the benzalde- 
hyde from becoming oxidized. After removing the benzalde- 
hyde phenylhydrazone the filtrate is treated with carbon. The 
fucose solution is then concentrated to a thick syrup and dis- 
solved in 800 ce. of hot absolute aleohol. Some impurities are 
thrown out by this process, so the solution is filtered, after which 
it is concentrated to about 50 ec. This syrup is removed to a 
beaker and the flask washed out with small portions of absolute 
alcohol by warming, 50 ce. in all being used for this purpose. The 
sugar begins to crystallize almost at once, and the erystalliza- 
tion is completed over night in an ice box. It is freed from 
mother liquor, washed with absolute aleohol and ether, and dried. 
The yield is 38 to 40 gm. A sample of this material had the 
following rotation: 


[a]? = — 75.55° (2.5015 gm. dissolved in 50 ec.). 


Generally, another small crop of crystals may be obtained by 
concentrating the mother liquors. 

To recrystallize the sugar it is dissolved in distilled water 
making a 25 per cent solution and treated with decolorizing car- 
bon. The filtrate is concentrated under diminished pressure to 
a thick syrup and dissolved from the flask, by warming on the 
water bath, with 3 volumes of absolute alcohol, then allowed to 
crystallize. The crystals are washed with absolute alcohol and 
ether, and dried. The mother liquors may be worked over so 
that almost a quantitative yield is obtained. The purified sugar 
had the following specific rotation: 


[a] = — 75.48° (5.0742 gm. of sugar in 100 cc.), 


[oly sag18.u.=— 88.92° (5.0742 gm. of sugar in 100 ce.). 
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Methyl Tetronic Acid Lactone from Fucose. 


50 gm. of fucose were dissolved in 250 cc. of water and added 
to a solution of 93 gm. of KOH dissolved in 5,250 ec. of water. 
Air freed from carbon dioxide was continuously drawn through 
the mixture at a fairly rapid rate for 60 hours by means of a water 
pump. During working hours the solution was heated to 40 to 
45°. The KOH was then neutralized and the organic acids 
liberated by the cautious addition of HCl. This was determined 
by means of thymol blue. Just enough HCl was added to give 
a distinct red color, showing the presence of free HCl. The 
solution was evaporated under diminished pressure until a fairly 
large amount, of KCl had separated. This was filtered off and 
washed with a little cold water and the filtrate adjusted to the 
point where all the free HCl was exactly neutralized. Concen- 
tration was continued to almost dryness, and the resulting mass 
dissolved in a little water, and again evaporated to dryness to 
insure the removal of formic acid. 

The residue was extracted three times with boiling absolute 
alcohol, 250 cc. being used for each extraction. The alcoholic 
liquor was filtered and evaporated to a thick syrup, dissolved in 
about 100 ce. of absolute alcohol, and again evaporated. The 
resulting syrup was extracted with 500 cc. of dry ethyl acetate. 
An insoluble gum remained, while the supernatant liquid was 
cloudy; but, after a day, an insoluble gum separated leaving a 
clear solution. This solution was evaporated under diminished 
pressure to a mobile liquid which was exhausted with dry ether 
by vigorous shaking for some time. After a day the ether layer 
was clear and a gum-like substance separated. Upon standing 
2 days more, beautiful, long crystals appeared on the walls of 
the flask while the insoluble material was a semisolid mass of 
crystals. The ether was decanted and the crystals were dis- 
solved by warming in 30 ce. of ethyl acetate. Upon cooling, 
the solution immediately crystallized. The yield of the crude 
product was 7.5 gm. The substance was removed from the 
mother liquor and recrystallized from a few ce. of ethyl acetate. 


Its melting point was 111°C., uncorrected. The substance when first 
dissolved in water was neutral, but gradually became acid, showing its 
lactone character. 0.0928 gm. of the material was dissolved in 10 cc. of 
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0.1 nN KOH, warmed to the temperature of a boiling water bath, and allowed 
to cool. The excess of KOH was titrated with 0.1 nN HCl using phenolph- 
thalein as an indicator. In this way the sample required 7.01 cc. of 0.1 N 
KOH for neutralization; calculated for CsH,O;, 7.03 cc. The optical 
rotation of the substance was as follows: 1.2529 gm. dissolved in 25 cc. of 
water at 20°C. rotated the plane of polarized light 6.38° to the left in a 2 dm. 
tube using sodium light. Therefore, 


D4 (1.2529) (2) 


0.2028 gm. of substance gave on combustion 0.1101 gm. of water and 
0.3379 gm. of COs. 
CsH30,. Calculated. C 45.43, H 6.10. 
Found. “ 45.44, “ 6.07. 


— 63.65° 


Methyl Tetronic Amide. 


Dry ammonia was passed into a solution of 3.3 gm. of the lac- 
tone dissolved in 30 ec. of absolute alcohol until it became satur- 
ated. Crystallization of the amide could not be induced; so after 
a day, the liquid was evaporated under diminished pressure to 
about 10 ce., and 10 ce. of dry ether were added. After a week, 
crystallization commenced and was complete in a very short 
time after it started. The crystals were filtered, washed with 
absolute alcohol and ether, and dried. The yield was 2.5 gm. 
The melting point of the crude substance was 112°, uncorrected. 
To recrystallize the compound, it was dissolved, by warming, 
in 15 ee. of absolute alcohol, filtered, and 15 cc. of dry ether were 
added. 


The melting point was 112.5°. Its specific rotation was as follows: 
0.5006 gm. of substance in water to make 25 cc. rotated the plane of 
polarized light 0.74° to the right, using a 2 dm. tube; hence, 


fay’? = (100) (+0.74") 
(4) (0.5006) (2) 


Nitrogen was determined by the Kjeldahl method. 

0.2537 gm. of substance used 17.07 cc. of 0.1 N HCI. 
C3H1,0,N. Calculated. N 9.40. 
Found. 9.48, 


= + 18.48° 


Fuconic Amide. 


This substance has not hitherto been recorded. 15 gm. of 
fucose were dissolved in 75 cc. of water and 15 gm. of bromine 
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added. Upon shaking occasionally, during 1 hour, the bromine 
was dissolved. The solution was allowed to stand for 2 days, 
after which the excess of bromine was removed by distillation 
under reduced pressure. The resulting liquid was made neutral 
with sodium hydroxide and then treated with slightly more than 
the calculated amount of barium chloride. Barium fuconate 
immediately began to crystallize, the crystallization being com- 
plete as soon as the solution cooled to room temperature. The 
yield was 19.5 gm. The barium was removed from 10 gm. of 


this salt by the addition of sulfuric acid. The resulting solution — 


was freed from barium sulfate and evaporated under diminished 
pressure to a thick syrup, after which it was heated, in vacuo, 
at the temperature of a boiling water bath for } hour. The res- 


idue was dissolved, by warming, in 150 ec. of absolute alcohol, and, 


filtered. The filtrate was evaporated to a thick syrup, dissolved 
in 100 ec. more of absolute alcohol and again evaporated to a 
syrup. This was dissolved in 60 cc. of absolute alcohol and the 
solution saturated with dry ammonia. Crystallization of the 
amide began within a few minutes. ) 


The melting point of the crude product was 180.5°, uncorrected. Upon 
recrystallizing from 85 per cent alcohol its melting point was unchanged. 

1.0021 gm. of substance in water to make 50 cc. rotated the plane of 
polarized light 1.248° to the left, using a 2 dm. tube; hence, 


(100) (— 1.248) 
lel, = (1.0021) (2) 31.13 


By Kjeldahl estimation 0.3037 gm. of substance used 16.86 cc. of 0.1 
n HCl. 


C.H,;0;N. Calculated. N 7.82. 
Found. 
SUMMARY. 


1. An improved method for the preparation of fucose is 
described. 

2. The methyl tetronic acid lactone from fucose has been pre- 
pared, and from its optical properties the position of the hydroxyl 
group on carbon atom 5 of fucose has been determined, thus giv- 
ing the complete structure of fucose. 

3. The amides of the methyl tetronic acid and fuconiec acid 
have been prepared, and from a study of their optical properties, 
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together with those of fuconic lactone, the positions of the hy- 
droxyl groups on carbon atoms 2, 3, and 4 of fucose, heretofore 
determined by purely chemical means, have been verified. 
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DIETARY FACTORS INFLUENCING CALCIUM 
ASSIMILATION. 


III. THE COMPARATIVE EFFICIENCY OF TIMOTHY HAY, ALFALFA 
HAY, AND TIMOTHY HAY PLUS CALCIUM PHOSPHATE 
(STEAMED BONE MEAL) IN MAINTAINING CALCIUM 
AND PHOSPHORUS EQUILIBRIUM IN MILKING 
COWS.* 


By E. B. HART, H. STEENBOCK, C. A. HOPPERT, anv R.M. BETHKE, 


(From the Department of Agricultural Chemistry, University of 
Wisconsin, Madison.) 


AND G. C. HUMPHREY. 


(From the Department of Animal Husbandry, University of 
Wisconsin, Madison.) 


(Received for publication, July 17, 1922.) 


In a recent publication (1) we reported evidence secured with 
liberally milking cows showing that it was possible to maintain 
calcium and phosphorus equilibrium with an alfalfa hay which 
had been cured under caps and with dried grains and their con- 
centrated by-products such as wheat bran. The alfalfa served 
as the principal source of calcium in the ration and the grains 
and wheat bran as the principal source of phosphorus. These 
results we believe are of some importance to the dairy industry, 
although they are not in harmony with observations of Forbes 
(2), who found constant negative calcium balances in milking 
cows receiving alfalfa hay, nor with observations recorded in 
this paper which were obtained with an alfalfa hay cured in the 
windrow for 4 days with exposure to air and light. 

In these later experiments we have extended our observations 
to include calcium and phosphorus balances on lactating cows 
receiving in succeeding periods, respectively, timothy hay, al- 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
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falfa hay, and timothy hay plus calcium phosphate, as steamed 
bone meal, in addition to corn silage and a grain mixture. We 
did this in order to secure further data on the effectiveness of 
alfalfa hay in maintaining calcium equilibrium in a liberally 
milking animal. We felt certain that timothy hay grown on an 
acid soil and containing but 0.4 per cent of calcium oxide would, 
even when supplemented by corn silage and a proper grain 
mixture, lead to a negative calcium balance with milking cows. 
Further, if the negative calcium balance obtained on the timothy 
hay could be changed to a positive calcium balance by substitut- 
ing alfalfa hay for the timothy hay the effective properties in 
respect to calcium assimilation of alfalfa in general and alfalfa 
in a dried state would be more firmly established. We also 
wanted to know how efficient calcium phosphate, added to timothy 
hay, would be in maintaining calcium equilibrium. The amount 
of calcium phosphate added was such as to make the intake of 
ealcium approximately the same as when the animals received 


alfalfa hay. 
EXPERIMENTAL. 


We used three animals for this work. No. 1 was a pure-bred 
Holstein; No. 2, a pure-bred Guernsey; and No. 3, agrade Holstein. 
Their weights at the beginning and end of the experimental 
period were, No. 1, 1,234 to 1,166 pounds; No. 2, 1,185 to 1,096 
pounds; No. 3, 1,119 to 1,119 pounds. They were ail fresh milkers. 
No. 1 had freshened in November, 1921; No. 2, in September, 
1921; and No. 3, in November, 1921. This experiment was begun 
December, 1921. 

These animals were confined to metabolism stalls for a total 
period of 13 weeks with quantitative collection of the excreta 
by men working in three 8 hour shifts. None of the animals was 
with calf although they were all bred during the experimental 
period. 

A definite daily aliquot of feces, urine, and milk was composited 
for a period of 7 days and analyses for phosphorus and calcium 
were made upon these composite samples. The feces were dried 
and finally analyzed in an air-dried condition. Phosphorus was 
determined in the urine by the Neumann method, and in the feeds, 
feces, and milk after ashing with magnesium nitrate. Calcium 
was always determined by McCrudden’s method. 
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The feeds used in Period 1, which was for 4 weeks, were a 
timothy hay grown on an acid soil, corn silage, and .a grain mix- 
ture consisting of 60 parts of vellow corn, 15 parts of oil meal, 
and 25 parts of wheat bran. The proportions used were 10 
pounds of hay for each animal per day; 20 to 25 pounds of silage 
per day; and approximately 1 pound of the grain mixture for 3 
pounds of milk produced per day. Animal 1 received 12 pounds 
of grain daily; No. 2, 7 to 8 pounds; and No. 3, 11 pounds. 

In Period 2 the 10 pounds of timothy hay were displaced by 
10 pounds of alfalfa hay; the corn silage remained the same; but 
the grain mixture was changed to one consisting of 70 parts of 
yellow corn, 25 parts of wheat bran, and 5 parts of oil meal. The 
daily amount of grain mixture allowed each animal was the same 
as in Period 1. This change in the proportion of ingredients in 
the grain mixture was made for the purpose of keeping the pro- 
tein intake of the two periods much alike. The alfalfa hay used 
was second cutting, grown on the University’s farm and cured 
in the windrow for 4 days. Although exposed for 4 days in drying 
it retained its green color to a considerable extent. It was fed 
cut as was done with the timothy hay. This period of observa- 
tion was also for 4 weeks. 

In Period 3 the same ration as used in Period 1 was fed, but 
with an addition of steamed bone meal, in amounts which would 
make the calcium content of the ration in Period 3 practically 
equal to that of the alfalfa ration or the feed mixture used in 
Period 2. To accomplish this the amount of steamed bone meal 
added daily was 200 gm. per individual. The steamed bone 
meal used was that prepared by the United Chemical and Or- 
ganic Products Company of Chicago, and sold by them especially 
for animal feeding. This period of observation was for 5 weeks. 
We ran it for a longer time purposely in order to obliterate the 
effect of the possible storage, during the alfalfa period, of nutri- 
tional factors that might obscure our results on timothy hay plus 
steamed bone meal. It would be entirely possible that a residual 
effect from the alfalfa period would be of such long duration as 
to vitiate wholly the results of a succeeding period with timothy 
hay, unless run for a period sufficiently long. All the animals 
received distilled water and common salt throughout the entire 
period of observation. 
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In Table I the record of the calcium and phosphorus content 
of the feeds used is given. 

In Tables II to IV inclusive are the records of income and outgo 
of calcium and phosphorus for the 3 animals. 

In Table V the data on the total calcium and inorganic phos- 
phorus content of the blood taken from the jugular vein are 
given. 

These determinations were made on the serum, the inorganic 
phosphorus by the method of Marriott and Haessler (3) and the 


calcium by the method of Halverson and Bergeim (4). 


TABLE I. 


Calcium and Phosphorus Content of the Feeds as Fed. 


Material. CaO P20s 
per cent per cent 
Timothy hay....... 0.406 0.386 


DISCUSSION. 


As was expected, decidedly negative calcium and phosphorus 
balances were obtained during the timothy hay feeding period. 
With two of the cows (Nos. 1 and 3) whose daily milk production 
was above 40 pounds, the negative calcium balances were as 
high as 30 gm. of CaO per day and the negative phosphorus bal- 
ances about the same. In the case of Animal 2 with a daily 
milk production of 20 to 25 pounds, the calcium loss was not so 
large as with the other two animals. During this period the daily 
calcium intake was approximately equal to the daily calcium 
content of the milk produced by Animals 1 and 3. Although in 
this period the phosphorus intake was, approximately, three times 
the calcium intake, yet negative phosphorus balances resulted. 
This would be expected. While negative calcium balances ac- 
companied by positive phosphorus balances have been observed 
by several investigators, yet with a mature animal it is difficult 
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TABLE II, 
Record of Calcium Balance of Animal 1. 
CaOin| CaOin| Total T Balance | Milk 
Period. CaO 
Timothy hay period. 
gm. gm. ym. gm. gm. gm. gm, lbs. 
Dec. 12-19 1.92;291.16; 474.13 258.57) — 215.56) — 30.37 327.2 
19-26. . .1158.38} 1.23)282.08) 441.69'274.64|—167.05 — 23 .86/330.6 
Jan. 2-9. .}175.06) 1.31'279.36| 87/927. 3 
Jan. 9-16. 5.151269.12| +19 .31323.7 
702.06) 4.09,282.42) 988.57 9385.79) —52.78) —7.54 328.4 
3.22)258.99 954.66935.79| —18.87| —2.69 306.4 
Jan. 30-Feb. 6 ...|792.72) 2. 73/258. 21 1, 053 .66 935 .79| — 117 .87|— 16.84 309.1 
Timothy | nay + bone meal period. 
Feb. 6-13.. 767.18 18): 244 841, 013.20948 .04 _65. 16} —9.31/293.1 
13-20 886.24) 4.01239 .22)1, 129.47, 948 .04) — 181.43) — 25.92) 283.3 
20-27... 863.93) 2.70 237 .82)1, 104.45 948 — 156.41) — 22.34/284.7 
27-Mar. 6. 1809.99) 2.19)219 32.1, 0381.50,.948 
Mar. 6-13......../809.20 1. 70,234 .04 044 .94)948 .04 — 96.90) —13.84,292.9 
Record Of Balance of Animal 1. 
| P.0s| P:Os | Total | Total | Balance | Balance 
P2035 i in P O; 
hay period. 

ym. gm. gm. gm. gm. ym. gm. 
Dec. 12-19........ 691.74) 729.69|—275.45|—39.35 
2 687.45) 3.01/276.34) 966.80, 751.62 —215.18,—30.74 
Jan. 2-9 695. 52 2.29'309 .08,1,006.89) 751.62|—255.27|—36.46 

Jan. 9-16......... 664.90) 7.97|/306.74 979.61 742.41; — 237 .20| —33.88 
553.15'15.40'300.25} 868.80) 742.41, —126.39'—18.05 
480 782.91) 742.41; —40.50' —5.78 
—30-Feb. 6.. 447 .40) 6. 58/294. 70; 748.68 742.41 —6.27| —0.89 
Feb. 6-138......... 927.87) 9.59}268 .79)1, 206.25 1, 247.29 +40.97| +5.85 
186 .94/1, 456 91/1, 247 . 22) — 209 — 29.95 
052.44) 6.25)254.62)1, 313 .31/1, 247.22) —66.09) —9.44 
 27-Mar. 6... .|1, 140.26) 6.38)/245.20)1, 391 .84)1, 247.22) 144.62) — 20.66 
Mar. 6-138.......... 1, 179.80} 5.10)268 .61)1, 453 .51/1, 247 . — 206.29; — 29.49 
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TABLE III. 
Record of Calcium Balance of Animal 2. 


- | CaO . Total Total Balance | Balance | Milk 
. CaOin| ™ CaO in 
Period. Cc O 
| feces. milk. week. ie. 
Timothy hay period. 
gm. gm. gm. gm. gm, gm. gm. lbs. 

Dec. 12-19......|174.35) 0.95,141.90) 317.20/241.28 | —75.92)/—10.84/164.5 
“19-26... .. .|189.34) 0.74,144.17) 334.25/257.35 | 
26-Jan. 2. .|167.36 1.94)149.94; 319.24'237.58 | 

Jan. 1.02)185.11| 355.82/234.28 

Alfalfa hay period. 

604.36] 0.80 150.33/ 755.491903.85 
16-23... ...|780.89) 2.22)164.09| 947.20/903.85 | —43.35| —6.19'165.8 
2.39)152.05} 917.21/903.85 | —13.36, —1.91/156.5 
 30-Feb. 6..'754.18} 1.51)159 .34 915 .03,903 .85 —11.18; —1.59|164.0 

Timothy hay + bone meal period. 

Feb. 6-13....... 877.90) 2.50141 .64/1, 022.02/907 .68 |—114.34 
791.74, 1.53)1383.62) 926.89/907.68 | —19.21' —2.74)139.5 
834.15) 2.22)119.80, 956.17/907.68 | —48.49| —6.93)128.2 
27-Mar. 6.'670.03) 1.57|104.49| 776.09/907 .68*|4+-131.59 +18.79)109.5 

Mar. 6-13......./879.93! 1.66107.06) 988.65,907.68 | —80.97 —11.56)113.3 

Record of Phosphorus Balance of Animal 2. 
urine.}| milk. | excreted. | intake. week. day. 
Timothy hay period. 
gm. gm. qm. gm. gm. gm. gm. 

Dec. 12-19........ .| 621.64 3.63 164.30) 789.57; 
583.85) 3.97)166.52) 754.34) 590.50'— 163.84 —23.40 
2..... 502.07) 3.64:168.11! 673.82) 532.15|—141.67|—20.28 

Jan. 2-9...........| 701.10) 4.77|147.07; 852.94) 522.43)—330.51|/—47.21 

Alfalfa hay period. : 

Jan. 9-16..........| 451.23 4.52)163.56! 619.31) 528.85) —90.46)/—12.92 
“ 413.74) 2.63)173.88; 590.25) 528.85! —61.40) —8.77 4 
391.97) 561.73) 528.85) —32.88| —4.69 
30-Feb. 6 390.45) 3.82:170.50) 564.77) 528.85) —35.92) —5.13 

Timothy hay + bone meal period. : 

Feb. 6-13..........| 850.72] 5.281144.87/1, 000.87/1, 018.03/ +17.16| +2.45 
13-20........./1,015.45) 4.01/142.61/1, 162.07/1, 018.03) —144.04/—20.58 
115.16) 4.59)/125 .62)1, 245 .37/1, 018.03] — 227 . 34) —32.47 
27-Mar. 6....| 840.39) 4.13)115.54) 960.06/1, 018.03) +57.97| +8.28 

Bar. 6-13.......... 1, 048.24) 4.93/122.28)1, 175.45/1, 018 .03) — 157.42) — 22.49 


* Indicated positive balance not an actuality, due to incomplete con- 
sumption not here recorded. 
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Record of Calcium Balance of Animal 3. 
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TABLE IV. 


Balance 


CaO : Total | Total | Balance | Milk 
. CaO in| ™ CaO in 

P. d. C 

4 gm. gm. gm. gm. gm. gm. gm. lbs. 

Dec. 12-19 .|259.31} 0.44/227.22| 486.97)/254. 25) 232.72, —33.24)272.4 

q «19-26... 0.38)231.43! 478.28)270.32! — 207 .96 —29.71/283 .2 

26-—Jan. 2...}/246.94) 0.69)/241.24) 488.87/270.32! 

Jan .{258.21) 0.56)212.2%9| 471.06)270.32| —200.74| —28 .67)|260.7 

Alfalfa hay period. 

Jan. 9-16........ 458 .49| 0.89 207.49| 666.87 866.50! +199 .63) +28 .52/253.9 

753.58! 1.69)207.39)| 962.66,932.16) —30.50) —4.36'251.0 

736.40) 0.89)207 .32) 944.61'932.16) —12.45| —1.78'251.7 

 30-Feb. 6.. .|750.37) 2.41/205.83) 958.61'932.16) —26.45| —3.78,248.1 

: Timothy hay + bone meal period. 

Feb. 6-13........ 955.96; 2.40198 .93 1, 157 .29'943 .72| — 213 .57| —30.51/235.6 
887 .04| 2.36)184.05)1, 073 .45/943 .72; —129.73) —18.53)233.0 
800.86) 2.09}181.91) 984.86'943.72) —41.14) —5.88)222.6 
27-—Mar. 6 ..'774.24| 1.67|186.06) 961.97/943.72) —18.25) —2.61/215.7 

Mar. 6-13........ 877.89) 1.87,183 .76|1, 063 .52/943 —119.80' —17.11)215.3 

4 Record of Phosphorus Balance of Animal 3. 

Period. | | | oe | 

eees- | urine.| milk. | excreted. | intake. week day. 

Timothy hay period. 

4 gm. qm. gm. gm. gm. gm. gm. 

Dec. 12-19......... 695.48; 1.97\279.08 976.53) 696.04 —280.49| —40.07 

19-26. 684.27) 4.01/280.28| 968.56) 717.97|—250.59 —35.79 

“ 26-Jan. 2..... 718.85) 2.24'279.791,000.88 717.97|—282.91|—40.41 

704.90) 2.23)257.61| 964.74) 717.97,;—246.77| —35.25 

Jan 499.43) 3.36'266.28| 769.07) 654.47|—114.60 —16.37 
459.61) 2.19'247.28;) 709.08; 704.81) —4.27) —0.61 
460.25) 4.24'237.27| 701.76 704.81; +3.05) +0.43 
30-Feb. 6 443 2.87 249 93) 695.84 704.81; +8.97, +1.26 

Timothy hay + bone meal period. 
Feb. 6-13.......... 1, 282.08) 5. 23/236 .39)1, 523.701, 213.57|—310.13 — 44.30 
1,308.03; 4.90/235 .89/1, 548 .82/1, 213.57) —47.89 
1, 166.98) 5.60/218 .29)1, 390.87)1, 213 .57| —177 — 25.33 
“  27-Mar. 6....|1, 101.97) 3.74)216.42)1, 322.13)1, 213.57) — 108.56; —15.51 
Mar 11,050.80, 5.00)223.83,1, 279.631, 213.57, —66.06) —9.44 
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to conceive how such a situation could prevail for any length of 
time with calcium phosphate as the main compound in which 
these two elements are stored. In spite of negative calcium and 
phosphorus balances the milk production was well sustained in 
this period by all the animals. 

We changed the animals suddenly to the alfalfa hay ration. 
From our previous results (1) we expected positive calcium and 
phosphorus balances to prevail. We did have a positive calcium 
balance with all animals for the 1st week, but after that negative 


TABLE V. 


Calcium and Inorganic Phosphorus in the Blood at Di ferent Stages 
of the Experiment. 


| I ic P 
A omg | per 100 ce. of pe eg Time of taking sample. 
ma. my. 
1 2.25 22.01 End of timothy hay period. 
2 2.63 22.60 
3 2.83 24.42 
1 | 16.34 4 days after change to alfalfa hay. 
2 | - 15.65 
3 15.90 
1 5.97 8.7 End of alfalfa hay period. 
2 3.83 9.81 
3 2.90 9.91 
1 5.75 16.10 End of timothy hay plus steamed 
2 4.38 16.75 bone meal period: 
3 4.90 16.75 


balances resulted. The positive calcium balance in the Ist week 
was due to the high intake of this element incident to the change 
in the ration and to the lag in elimination, by way of the feces, 
of the residues from the first few days of alfalfa hay feeding. The 
true situation established in the 2nd week was a slight but dis- 
tinct negative calcium balance for all the animals in the alfalfa 
hay period. The phosphorus balances were also negative for 
Animals 1 and 2 during the entire period, but both negative and 
positive—or equilibrium—for Animal 3. As noted above, these 
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results differ from those secured by us in an earlier experiment 
where the alfalfa hay had been cured under caps and out of long 
exposure to sunlight. The question as to what is the actual 
difference between alfalfa hay cured under caps and alfalfa hay 
cured in the windrow with a comparatively distinct difference 
in respect to the time of exposure to light and air cannot be 
answered at present. 

It is known that the fat-soluble vitamine is destroyed by long 
exposure to light and air. For example, when melted butter 
fat has been poured into shallow dishes, thereby presenting a 
large surface, and then exposed to direct light and bleached, the 
fat-soluble vitamine is destroyed. We are not assuming that 
the fat-soluble vitamine and the vitamine of green plant tissue 
influencing calcium assimilation are identical and consequently 
may be unjustified in predicting parallel behavior. In the ab- 
sence of full experimental data on the effect of aging, bleaching, 
and exposure of plant tissue to light upon the destruction of this 
unknown factor affecting calcium assimilation, discussion of the 
subject is useless. We have, however, shown (5) that fresh green 
oats as compared with oat straw is much more effective in increas- 
ing calcium assimilation. The oat straw is also low in the fat- 
soluble vitamine. On the other hand, oat hay dried out of direct 
sunlight but in a fairly well lighted attic appeared to retain the 
properties of the fresh green oats. 

The fact that with this alfalfa hay positive calcium balances 
could not be obtained places these data in agreement with those 
secured by Forbes (2) and by Meigs and his associates (6). Our 
earlier data, contrasted with these later results, showed that it 
was possible to provide a ration of natural and unsupplemented 
materials which could maintain calcium and phosphorus equi- 
librium in high milking animals. Just what happenedin the treat- 
ment of these food materials, particularly the roughages, to bring 
about these differences in behavior must be a subject for further 
inquiry. 

It should be emphasized that the degree of negative calcium 
and phosphorus balances observed with the alfalfa hay in contrast 
with the timothy hay is not large and could no doubt be main- 
tained for a very long time without serious results to the animal. 

Fortifying timothy hay with bone meal did not result in main- 
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taining positive calcium and phosphorus balances. The losses 
of these elements, particularly calcium, were reduced as compared 
with the period on unsupplemented timothy hay, but were not 
changed to a condition of storage or equilibrium. The combina- 
tion of timothy hay and bone meal was not as effective as the 
alfalfa hay alone. We interpret these results as indicating that 
the timothy hay possessed less of the vitamine assisting calcium 
assimilation than did the alfalfa hay. The question of the solu- 
bility of the combination of calcium administered is often raised, 
but we believe that question to be only of secondary importance 
—the primary factor being the supply in the ration of the organic 
factor influencing calcium assimilation. For example, in experi- 
ments with swine we have seen the development of rickets meas- 
urably delayed by the use of calcium acetate as compared with 
the more insoluble calcium phosphate (floats), but the end-re- 
sult was the same. Forbes (2) likewise found with milking cows 
negative calcium balances where fortification of the ration was 
made either with calcium lactate, calcium chloride, or bone flour. 

At regular intervals during the course of these experiments 
blood was taken from the jugular vein for inorganic phosphorus 
and total calcium determinations. The time of taking the 
blood in reference to the ration fed is given in Table V. Our 
data on the inorganic phosphorus content of the blood are diffi- 
cult of interpretation. During the timothy hay period the amount 
of inorganic phosphorus in the blood of all these animals was low 
as compared with data secured in the later periods of higher cal- 
cium intake and also with data secured by Meigs and his associates 
(6) on cows receiving a ration of grains, corn silage, and alfalfa 
hay. The data are more in harmony with the condition observed 
by Howland and Kramer (7) in rachitie children where the inor- 
ganic phosphorus content of the blood is unusually low in amount. 
Although decided but reduced negative phosphorus balances 
prevailed in both the alfalfa hay period and the period of timothy 
hay plus bone meal, yet the inorganic phosphorus content of the 
blood was in all cases but one, distinctly higher than in the tim- 
othy hay period. 

The results on total calcium in the blood are exceedingly in- 
teresting. From the recent literature on the subject the inference 
is gained that the calcium content of the blood is subject to but 


t 
% 
4 
$ 
$ 
t 
A 
te 
| 


Hart et al. 85 


slight variations—that the range may be from 9 to 12 mg. per 
100 ec. of plasma or serum. This has been the amount found in 
the plasma of normal human beings and of horses, dogs, and 
cattle (6). That variations from the above figures may occur 
is also evident from a limited number of observations recorded 
in the literature. By feeding calcium lactate to two dogs Boggs 
(8) found an increase of 36 per cent in the calcium content of 
the whole blood or an increase from 6.3 mg. per 100 ec. of blood 
to 8.6 mg. Allers and Bondi (9) doubled the calcium content 
of the blood of rabbits by feeding large doses of hydrochloric 
acid. Meigs (6) calls attention to the correlation between the 
work of Hasselbaleh and Gammeltoft (10) who showed that in 
pregnancy in human beings there is a definite tendency for the 
H ion concentration of the blood at a fixed CO, tension to be in- 
creased and the results of Lamers (11) who found an increased 
plasma calcium in pregnancy and particularly during labor. 
Meigs found the plasma calcium in new-born heifers as high as 
13.7 mg. per 100 ec., while the amount in the plasma of pregnant 
and lactating cows was approximately 10 mg. 

This tendency of the calcium content of the blood to variation 
led Meigs and his associates to adopt as an explanation of this 
phenomenon the modern view-point of the influence of reac- 
tion—H ion concentration—on the bicarbonate content of the 
blood and the inverse relation of the latter to the calcium con- 
centration in the blood. In other words, a higher acidity of the 
blood means a decreased bicarbonate concentration with a 
resultant possibility of a higher concentration of calcium. 
This appears to be a logical deduction and explanation for such 
variations. 

Unfortunately, we made no bicarbonate determinations in 
the blood of our animals, and consequently cannot present data 
bearing on the above theory. A comparatively low intake of 
calcium, such as prevailed during the timothy hay period, did not 
result in a low calcium concentration of the blood plasma; but, 
on the contrary, an unusually high calcium concentration pre- 
vailed. In a recent publication (12) we recorded a very limited 
amount of data secured with dry cows which showed that the 
alkaline reserve of the blood in the case of cows receiving a ra- 
tion low in calcium content—oat grain plus oat straw—as com- 
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pared with a calcium-rich ration—alfalfa hay—was not different. 
But in the case of heavy milking cows the situation may be en- 
tirely different. If the above theory, explaining calcium varia- 
tions in the blood, is correct then the alkaline reserve of the bloods 
of these animals during the timothy hay period must have been 
reduced. 

With the change to the alfalfa ration the calcium concentra- 
tion of the blood decreased from over 20 mg. per 100 cc. of serum 


on the timothy hay to approximately 10 mg. per 100 cc. of serum. | 


This change was a gradual one as shown by the fact that 4 days 
after the change to the alfalfa hay the calcium concentration of 
the blood had decreased to about 16 mg. per 100 cc. of serum. 
With the return to the timothy hay plus bone meal ration the 
blood calcium again rose from approximately 10 to 16 mg. per 
100 ec. of serum, but not to as high a level as when the timothy 
hay alone was fed. As shown in the table of calcium balances 
some use, but not a complete one, of the bone meal had been 
made. 

Before permanently incorporating into this paper the data on 
the calcium content of the blood of these animals we submitted 
them for criticism to Dr. E. B. Meigs, of the Dairy Division, 
United States Department of Agriculture. We did this because 
of the unusual variations observed. It so happend that Dr. 
Meigs had accumulated data on the same problem in the feeding 
of milking cows with results in reference to blood calcium directly 
contrary to our own. In fact, on the timothy hay he used as 
contrasted with alfalfa hay the plasma calcium was reported some- 
what lower. Fortunately, we had a group of high milking cows 
that had been for several months on the same timothy hay, 
plus corn silage and a grain mixture, as used in our metabolism 
experiments and another group of cows upon alfalfa hay, corn 
silage, and a grain mixture. This alfalfa hay was not the same 
as that used with the three cows involved in the balance experi- 
ments. These two groups of cows were not in the metabolism 
stalls, but being managed as in ordinary herd management. In 
addition to the rations mentioned they had received daily per 
individual 4 pound of steamed bone meal for approximately 
60 days during the dry period just before parturition. They had 
been milking about 3 months when the blood samples were taken. 


x 

‘ 

: 


Their daily milk production was from 35 to 50 pounds of milk 


per individual. 


Blood was taken from the jugular vein and analyses for total 
calcium were made both by the Halverson method, which we 
had always used in our work, and by the method Meigs had used 

TABLE VI. 


Calcium by Two Methods in the Blood of a Second Group of Cows Receiving 
Low and High Calcium Intake. 
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metho method. 
| Raton! | Me.per | | Me. per | Remarks. 
plasma plasma. 
1 8.99 Timothy hay. 
Average .| 12.30 Average .| 9.85 
2 9.33 Timothy hay. 
Average .| 11.80 Average . 9.45 
4 8.63 Timothy hay. 
Average .| 10.46 Average .| 8.85 
5 i. 11.96 10.02 Alfalfa hay. 
Average 12.11 Average . 9.83 
6 11.11 9.31 Alfalfa hay. 
Average .| 11.11 Average .| 9.29 
7 a.. 10.03 9.29 Alfalfa hay. 
Average .| 9.92 Average .| 9.32 
8 10.58 8.71 Alfalfa hay. 
Average .| 10.47 Average .| 8.08 


(6). We believe that the physiological status of these animals 
could not have been different from the three involved in the 
complete balance experiments whose blood calcium varied greatly. 
However, in this opinion we may be wrong because of the longer 
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exposure of these animals to the particular ration. The data on 
the blood analysis for calcium of the two groups of cows and by 
the two different methods are given in Table VI. 

A survey of the data shows that the two methods varied by 
about 20 per cent, the Halverson method consistently running 
higher. More important than the comparison of the methods 
was the uniform amount of calcium in the blood of these animals. 
Those receiving the mineral-poor ration—timothy hay—had 
approximately as much calcium in the blood as those receiving 
the alfalfa hay. These data are very different from the blood 
ealeium records for the animals in the metabolism experiments 
as shown in Table V. We do not believe that the difference 
is one of analytical error as the work was done using the same 
reagents and by the same analyst. Whether distinct differences 
in rations in respect to mineral content and with but limited 
time for adjustment such as prevailed with the metabolism cows 
can explain these differences is a problem. At present we have 
no suggestion to offer as an explanation of the apparent discrepancy. 


SUMMARY. 


_1. Cows producing from 20 to 45 pounds of milk per day were 
in negative calcium and phosphorus balances on rations composed 
of grains and their by-products, corn silage and timothy hay. 

2. Substituting alfalfa hay for the timothy hay reduced the 
losses but did not bring about calcium and phosphorus equilib- 
rium; negative balances continued. These data with this al- 
falfa hay are distinctly contrary to our earlier observations where 
positive calcium balances were obtained with an alfalfa hay (1). 
The alfalfa hay used in the earlier experiments was cured under 
caps; while the alfalfa hay used in this later experiment was cured 
in the windrow with exposure to air and light for 4 days. These 
differences in effect of the two alfalfa hays may be attributed to 
a difference in the degree of destruction during the curing process 
of the vitamine assisting calcium assimilation. 

3. Supplementing the timothy hay with bone meal did not 
result in establishing positive calcium and phosphorus balances 
or even equilibrium; although the losses of these elements were 
reduced as compared with the unsupplemented timothy hay. 
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4, Blood calcium was comparatively high in amount during 
the timothy hay period when the calcium losses were greatest. 
It was between 20 and 25 mg. per 100 ec. of serum. In the alfalfa 
period it dropped to approximately 10 mg. per 100 cc. of serum, 
but rose again to 16 mg. during the timothy hay + bone meal period. 
With two other groups of cows not in metabolism stalls, but one 
group receiving timothy hay, or a low calcium intake, and the 
other group receiving an alfalfa hay, or a liberal calcium intake, 
no such difference in the blood calcium was observed. 

5. Inorganic phosphorus in the blood was low in amount 
during the timothy hay period, but considerably higher in the 
alfalfa and timothy hay plus bone meal periods. 


BIBLIOGRAPHY. 


1. Hart, E. B., Steenbock, H., Hoppert, C. A., and Humphrey, G. C., 
J. Biol. Chem., 1922, lit, 21. 

°. Forbes, E. B., Beegle, F. M., Fritz, C. M., Morgan, L. E., and Rhue, 
S. N., Ohio Agric. Exp. Station, Bull. 295, 1916; Bull. 308, 1917. 
Forbes, E.B., Halverson, J.O., and Morgan, L. E., Ohio Agric. Exp. 
Station, Bull. 330, 1918. 

3. Marriott, W. McK., and Haessler, F. H., J. Biol. Chem., 1917, xxxii, 
241. 

4. Halverson, J. O., and Bergeim, O., J. Biol. Chem., 1917, xxxii, 159. 

5. Steenbock, H., and Hart, E. B., J. Biol. Chem., 1913, xiv, 59. Hart, 
E. B., Steenbock, H., and Hoppert, C. A., J. Biol. Chem., 1921, 
xlvili, 33. 

6. Meigs, E. B., Blatherwick, N. R., and Cary, C. A., J. Biol. Chem., 1919, 
xl, 469. 

7 Howland, J., and Kramer, B., Am. J. Dis. Child., 1921, xxii, 105. 

8. Boggs, T. R., Bull. Johns Hopkins Hosp., 1908, xix, 201. 

9, Allers, R. A., and Bondi, 8., Biochem. Z., 1907, vi, 366. 

0. Hasselbalch, K. A., and Gammeltoft, 8S. A., Biochem. Z., 1915, Ixviii, 
206. 

11. Lamers, A. J. M., Z. Geburtsh. u. Gyndk., 1912, Ixxi, 393. 

12. Hart, E. B., Steenbock, H., and Humphrey, G. C., Wisconsin Exp. 
Station, Research Bull. 49, 1920. 


t 
} 
| 
| 


& 
¥ 


UNSATURATED FATTY ACIDS OF BRAIN CEPHALINS. 


By P. A. LEVENE anp IDA P. ROLF. 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 


(Received for publication, July 10, 1922.) 


Cephalin was recognized as a substance distinct from lecithin 
by Thudichum.! According to this author, the differences in the 
properties of the two substances were due to the differences in the 
structure of the fatty acids and of the bases which enter into their 
respective molecules. As regards the structure of the base, the 
views of Thudichum were confirmed by the more recent and more 
modern work. His views on the nature of the fatty acids also, 
seemed to have been corroborated by later work of Cousin,* 
Falk,? and especially that of Parnas.‘ 

Recent work on the fatty acids of lecithin has led to the dis- 
covery that at least two and probably three unsaturated and two 
saturated acids are present in the mixed lecithins.5:*7_ In the light 
of this experience it seemed desirable to subject the problem of 
the nature of the fatty acids of cephalin to a new investigation. 

The material used for the present work was entirely free from 
lecithin and neutral fats. It was also entirely free from substances 
containing non-amino nitrogen. As is seen from its elementary 
composition this material consisted in part of cephalin which had 
undergone partial hydrolysis. It was as pure as the best that 
had been used by the previous workers. From this material pure 
cephalin undoubtedly can be prepared. The purification is 


1 Thudichum, J. L. W., A treatise on the chemical constitution of the 
brain, London, 1884. 

2 Cousin, M. H., Compt. rend. Soc. biol., 1906, 1xi, 23. 

3 Falk, F., Biochem. Z., 1909, xvi, 187. 

‘ Parnas, J., Biochem. Z., 1909, xxii, 411; 1913, lvi, 17. 

® Levene, P. A., and Simms, H. 8., J. Biol. Chem., 1922, li, 285. 

® Levene, P. A., and Rolf, I. P., J. Biol. Chem., 1922, li, 507. 

’ Levene, P. A., and Rolf, I. P., J. Biol. Chem., 1921, xlvi, 363. 
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time-consuming and results in much loss of material. In: the 
course of the work the highly unsaturated acids may undergo 
oxidation. Owing to these considerations the purification of the 
material was limited to the stage in which it was free from non- 
amino nitrogen, in other words, free from lecithin. Such material 
may yield fewer, not a greater number of fatty acids than are pres- 
ent in the pure cephalin. 

Following the course of analysis as employed in the work on 
lecithin, it was possible to isolate from cephalin two unsaturated 
fatty acids; namely, oleic and arachidonic acid. The oleic acid 
was separated first as a barium salt (mixed with the saturated 
acids). This was then converted into the free acid and as such 
it was identified by the iodine number and by the fact that on 
hydrogenation it yielded stearic acid. The presence of’ ara- 
chidonic acid was demonstrated by the isolation of its octabromide, 
and by the isolation of arachidic acid from the product of hydro- 
genation of the unsaturated fatty acids. 

Since a minor fraction only, of the highly unsaturated acids 
was converted into the insoluble octabromides, there still remains 
the possibility of the discovery of other unsaturated acids. At 
present no evidence is available in support of the assumption that 
linolic acid is the principal unsaturated acid of cephalin. 

From the saturated fatty acid fraction, stearic acid was isolated 
in pure condition. This fraction, however, also contained other 
acids of a different composition. This material is now under 
further investigation. 


EXPERIMENTAL. 
A. Preparation of Cephalin. 


Ox brains were extracted first with acetone and subsequently 
with ether containing 5 per cent of water. From the concentrated 
ethereal extract, the bulk of the cerebrosides was’ removed by 
filtration at 0°C. The filtrate was then fractionated with alcohol. 
The precipitate after purification yielded material which con- 
tained all of its nitrogen as amino nitrogen. Two methods of 
purification were employed on each sample. The first is that 
described by Levene and Ingvaldsen.’ The crude cephalin is 


8 Levene, P. A., and Ingvaldsen, T., J. Biol. Chem., 1920, xliii, 359. 
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dissolved in glacial acetic acid. This solution is allowed to stand 
for 18 hours at 15°C. The precipitate, consisting of cholesterol 
and cerebrosides, is removed by filtration. To the filtrate about 
10 volumes of alcohol are added and again the mixture is allowed 
to stand over night at 0°C. and the resultant precipitate removed. 
The filtrate, after concentration in vacuo, is emulsified with water 
and precipitated with acetone. This method of purification 
yields material with a markedly higher carbon content than that 
of the original mixture. 

The second method of purification permits the separation of 
two types of material, one, the amino content of which.is greatly 
increased, and one of a greater carbon content than the original 
material. Crude cephalin is dissolved in a minimal quantity of 
warm ether. To this, warm alcohol is gradually added, not, 
however, in sufficient quantity to cause precipitation. A satu- 
rated alcoholic solution of cadmium chloride is added, until no 
further precipitation occurs. The mother liquor (A) is decanted 
from the precipitate (B) and concentrated to dryness under 
diminished pressure. The residue is extracted with ether and 
the ethereal solution, after filtration from theinorganic precipitate, 
is again concentrated, emulsified with water, and precipitated with 
acetone. The yields of such precipitates have been as high as 
20 per cent of the starting material. Since this consists only of 
the more highly unsaturated fraction, great variation is experi- 
enced between different lots of cephalin. The precipitate (B) 
referred to above, contains lecithin cadmium chloride (C) and 
“cephalin” (D) of a lower carbon content. The latter is separated 
by its solubility in glacial acetic acid. This procedure constitutes 
the simplest means thus far used for the preparation of ‘‘cephalin”’ 
of high amino content. 

Of such fractionation the following results are typical: 

No. 216 was the alcohol-soluble fraction of an ethereal extract. 
It was purified by the glacial acetic acid-aleohol method, and 
analyzed as follows: 


0.1060 gm. substance: 0.0926 gm. H,0, 0.2426 gm. COz, and 0.0126 gm. 
ash. 

0.1880 required (Kjeldahl) 2.85 ee. 0.1 N acid. 

0.2819 “ : (fusion) 0.0412 gm. Mg2P20;. 

0.2 gm. was dissolved in glacial acetic acid. 
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5 ec. of this solution required (Kjeldahl) 1.25 ce. 0.1 n acid. 
: (Van Slyke) 0.71 cc. Nz at 24°C., 766.5 mm. 
0.2781 gm. substance absorbed 0.2154 gm. iodine. 
Found (No. 216). C 64.10, H 9.92, N 2.02, P 4.07. 


Amino Nz _ 56 
TotalN; ~ 100 Iodine No. = 80 


No. 216 was fractionated through the use of cadmium chloride, 
as described above. The material obtained from the mother 


liquor (A) analyzed as follows: 


No. 220. 0.1090 gm. substance: 0.0984 gm. HO, 0.2574 gm. COs, and 
0.0112 gm. ash. 
0.1838 gm. substance required (Kjeldahl) 2.65 ce. of 0.1 Nn acid. q 
0.2757 “ : (fusion) 0.0400 gm. Mg2P2O7. 
0.2 gm. substance was dissolved in glacial acetic acid. 
5 ec. of this solution required (Kjeldahl) 0.75 ec. 0.1 Nn acid. 
(Van Slyke) 0.55 ee. of Nz at 24°C., 764.5 mm. 
0.2724 gm. substance absorbed 0.2630 gm. iodine. 
Found (No. 220). C 65.05, H 10.23, N 2.01, P 4.04. 


Amino N; 73 
Total Ne ~ 100 Iodine No. = 96 


The lecithin cadmium chloride salt (C), insoluble in glacial 
acetic acid, contained 25 per cent amino nitrogen and had an 


iodine number of 40. . 
That fraction (D) which was extracted by the glacial acetic 


acid had the following composition: 


0.1040 gm. substance: 0.0884 gm. H,O, 0.2306 gm. COs, and 0.0144 gm. 


ash. 
0.1867 gm. substance required (Kjeldahl) 2.70 cc. 0.1 w acid. 
0.2801 : (fusion) 0.0410 gm. Mg2P207. 


0.2 gm. substance was dissolved in glacial acetic acid. 
5 ec. of this solution required (Kjeldahl) 0.75 ce. of 0.1 w acid. 
(Van Slyke) 1.10 ee. Nz at 22°C., 773.2 mm. 


0.2915 gm. substance absorbed 0.2249 gm. iodine. 
Found (No. 218). C 62.11, H 9.90, N 2.02, P 4.07. 


Amino _ 103 
Total Ne ~ 100 Iodine No. = 77 


This material served as the source of the fatty acids to be 
described later. The cephalin was boiled for 12 hours with 10 
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per cent hydrochloric acid, and the fatty acids were extracted 
with ether. Owing to the presence of considerable resinous 
material which was not wholly removed even by this method, it 
was found expedient to esterify the mixed acids and extract the 
esters with ether. This solution was thoroughly washed with a 
solution of dilute sodium carbonate, and repeatedly filtered. 
The esters were saponified with barium hydroxide and the barium 
salts separated into two fractions by the method described in a 
previous publication.® 


B. Saturated Acids. 


From the barium salts which were insoluble in benzene-alcohol, 
the acids were liberated. These acids, consisting of mixed satu- 
rated and oleic acids, were converted into lead salts and the 
lead oleate was extracted by a large volume of ether. The residual 
salts of the saturated acids were dissolved in toluene and from 
them the free acids were liberated by hydrogen sulfide. They 
were then esterified and the methyl esters after recrystallization 
were fractionated by distillation at a pressure of 1.9 mm. 

The esters were saponified, and analyses, melting points, and 
molecular weight determinations made on the free acids. The 
drying, analyses, and molecular weight determinations were 
carried out in the manner described in previous papers.°7 The 
melting points, however, were taken in a bath which was con- 
tinuously stirred. A corrected thermometer was used, and the 
time interval per degree rise in temperature was 6 seconds. 


No. 572. 0.1006 gm. substance: 0.1166 gm. H.O and 0.2788 gm. COs. 
1.0056 “ required for neutralization 7.05 cc. of. 
0.5 n NaOH, corresponding to a mol. wt. of 285. 

No. 562. 0.0993 gm. substance: 0.1186 gm. HO and 0.2766 gm. COs2. 


1.1524 “ ” required for neutralization 7.96 cc. of 
0.5 n NaOH. 
No. 563. 0.1010 gm. substance: 0.1162 gm. H2,0 and 0.2724 gm. CQ2. 
1.0378 “ ” required for neutralization 7.10 cc. of 
0.5 n NaOH. 
No. 564. The residue, was insufficient for either molecular weight or 
analysis. 


CisH3s02. Calculated. C 75.98, H 12.76 (Mol. wt. = 284. Melting 
point = 70-71°C.) 
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Boili 
Weight of Molecular| Melting 
No. ester. weight point 
Pressure than Cc H of acid. of acid. 
1.9 mm, 
gm. 
Found. 572 165-172 5 75.57 12.97 285 70-71 
38 562 172 12 75.96 13.36 289 64-65 
“x 563 175-185 3 74.03 12.87 292 66-67 
- 564 | Residue. 1 76 


C. Oleic Acid. 


The lead salt which was extracted by ether from the saturated 
lead salts, was converted into the free acid. This was a light 
vellow mobile liquid. 0.2540 gm. of substance absorbed 0.2273 
gm. of iodine, corresponding to an iodine number of 90, The 
iodine number of oleic acid is 90. 

This substance was hydrogenated and the saturated acid had 
the following analysis, molecular weight, and melting point: 


0.1008 gm. substance: 0.1170 gm. H,O and 0.2800 gm. COs. 


0.9492 <“ ws required for neutralization 6.67 cc. of 0.5 n NaOH. 
It melted at 70-71°C. 
CisH3O2. Calculated. C 75.98, H 12.76. (Mol. wt. = 284.) 


Melting point = 70-71°C.) 
Found (No. 571). C 75.75, H 12.99. (Mol. wt. = 284. 
Melting point = 70-71°C.) 


D. The More Unsaturated Acids. 


The barium salts which were soluble in the benzene-alcohol 
mixture were converted into free acids. As such they formed a 
dark mobile liquid having an iodine number of 140. 

0.2611 gm. of substance absorbed 0.3677 gm. of iodine. 60 gm. 
of No. 517 were esterified and the ethyl esters hydrogenated by 
Paal’s method. The unsaturated esters were recrystallized from 
alcohol, and fractionated by distillation at 1.9 mm. pressure. 
After saponification, the acids gave the analyses, molecular weights, 
and melting points recorded below. 


No. 549. (Mixed esters before fractionation after saponification to the 
acid.) 0.1008 gm. substance: 0.1062 gm. H.O and 0.2642 gm. COn. 
No. 550. 0.0978 gm. substance: 0.0772 gm. HO and 0.2080 gm. COs. 
0.9637 required for neutralization 4.70 cc. 
0.5 n NaOH. 
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0.1010 gm. oubstanee: 0.1154 gm. H.O and 0.2562 gm. COs. 
required for neutralization 5.85 cc. of 
0.5 n NaOH. 


1.0130 “ 


0.1008 gm. 


1.0721 “ 


0.1010 gm. 


1.0727 “ 


0.1008 gm. 


1.0645 “ 


“cc 


. substance: 


substance: 


substance: 


0.1156 gm. H.O and 0.2828 gm. 


required for neutralization 5.73 ec. of 
0.5 n NaOH. 


substenes: 0.1146 gm. H;O and 0.2830 gm. COs». 


required for neutralization 6.12 ec. of 
0.5 n NaOH. 


0.1190 gm. H,O and 0.2838 gm. COx. 


required for neutralization 6.25 ec. of 
0.5 n NaOH. 


0.1204 gm. H:O and 0.2854 gm. COx. 


required for neutralization 6.00 cc. of 
0.5 n NaOH. 


0.1214 gm. H,O and 0.2862 gm. COs. 


required for neutralization 5.95 cc. of 
0.5 nw NaOH. 


Nos. 555 and 556 were combined and purified by conversion 


into the lead salt. 


The liberated acids were fractionally distilled 


and the lower fraction (No. 573) gave the following analysis and 
neutralizaton value. 


0.0865 gm. substance: 0.1024 gm. H;O and 0.2432 gm. CQsx. 


0.3626 " required for neutralization 2.30 cc. of 0.5 n NaOH. 
CisH 30>. Calculated. C 75.98, H 12.76. (Mol. wt. = 284. Melting 
point = 70-71°C.) 
CeoH 4902. Calculated. C 76.95, H 12.81. (Mol. wt. = 312. Melting 
point = 75-77°C.) 
feces Weight Analysis of acid. Molecular| Melting 
No. ester. of ester weight point 
Pressure C H of acid. of acid. 
.9mm., 
gm. 
Found 549 71.47 | 11.79 
(Mixed 
esters. ) 
500 170-185) 3 57 .99 8.83 410 
” ool 185-190, 8 69.17 | 12.78 347 62-63 
552 185-195) 6 76.51 12.83 373 58-59 
553 190-207; 8 77.04 |} 12.80 316 62-63 
554 195-205; 5 76.70 | 13.19 341 66-67 
4 555 210-220; 4 77.05 | 13.33 357 72 
556 220-230) 2.5 77.42 | 13.47 374 72 
™ 573 76.67 | 13.29 315 76 
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No. 552. 
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: No. 553. 0.1002 gm 

4 0.9228 “ 

| No. 554. 0.1009 
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E. Bromine Addition Products of the More Highly Unsaturated 
Acids. 


50 gm. of No. 217 were brominated by the method described 
in a previous paper.’ The precipitated bromide, after repeated 
extraction with ether, weighed 15 gm., and gave the following 
analysis: 


No. 521. 0.1062 gm. substance: 0.0348 gm. H:O and 0.0984 gm. COs. 
0.2000 “ ” : (Carius) 0.3158 gm. AgBr. 
Calculated. C 25.43, H 3.42. 

Found (No. 521). ‘* 25.26, ‘* 3.66. 


This material, after recrystallization from a very large volume 
of toluene was a white amorphous powder, which darkened slightly 
when heated above 225°C. and sintered at 250°C. Further heat- 
ing charred without melting it. 

Repeated attempts were made to isolate linolic tetrabromide 
from the bromination mother liquor, in this, and several similar 
experiments. All of these efforts were, however, unsuccessful. 

A large amount of dark, semiliquid material was recovered 
after evaporation of the glacial acetic acid. From it, on addition 
of gasoline, a small amount of granular substance was deposited, 
consisting of impure octabromide, as indicated by its analysis. 


0.1036 gm. substance: 0.0354 gm. H.O and 0.1056 gm. CO». 
0.2022 “ 7 : (Carius) 0.3046 gm. AgBr. 
Found (No. 507). C 27.79, H 3.82, Br 64.11. 


The mother liquor was concentrated to dryness 7n vacuo,and - 
the residue dissolved in absolute methyl alcohol. Powdered zine 
. was added, the solution heated, and hydrogen chloride passed 
through until a vigorous reaction was established. After 3 hours, 
the reaction liquor was diluted with water, and the precipitated 
oil extracted with ether. The residue, after evaporation of the 
solvent was dissolved in acetic acid, and again brominated. In 
this way, an additional 5 gm. of octabromide were separated, but 
no tetrabromide could be isolated. This bromide analyzed as 
follows: 


0.1042 gm. substance: 0.0390 gm. H,0 and 0.0962 gm. COs. 
0.2030 : (Carius) 0.3216 gm. AgBr. 
Found (No. 541). C 25.17, H 4.18, Br 67.42. 


UNSATURATED FATTY ACIDS OF BRAIN LECITHINS. 


By P. A. LEVENE anp IDA P. ROLF. 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 


(Received for publication, July 10, 1922. 


In previous publications from this laboratory it was shown that 
the mixed lecithins from the liver! and from the egg yolk,? yielded 
on hydrolysis, in addition to oleic acid, acids with more than one 
double bond. From the egg lecithin, linolic and arachidonic acids 
were isolated; whereas from liver lecithins, arachidonic acid only 
was obtained. The fact that linolic acid has not as yet been isolated 
from the liver lecithins does not prove its absence, since neither 
the isolation of oleic nor that of arachidonic acid is quantitative. 

The present note records the results of the analysis of brain 
lecithins as regards the character of their unsaturated fatty acids. 
It was found that the brain lecithins also contain besides oleic 
acid, acids with more than one double bond. Of these arachidonic 
acid was isolated in the form of its octobromo derivative. 

_ For the present linolic acid could not be isolated. However, 
the question of its presence or absence in brain lecithins is not 
definitely answered. 


EXPERIMENTAL. 


Lecithin cadmium chloride was prepared free from amino- 
containing impurities by the method previously described.* All 
samples of amino-free cadmium salts of brain lecithin had an 
iodine value not greater than 45. The following analyses are 
typical. 


No. 404. 0.2757 gm. substance absorbed 0.1238 gm. iodine, corresponding 
to an iodine number of 44. : 


1 Levene, P. A., and Simms, H. S., J. Biol. Chem., 1922, li, 285. 
2 Levene, P. A., and Rolf, I. P., J. Biol. Chem., 1922, li, 507. 
3’ Levene, P. A., and Rolf, I. P., J. Biol. Chem., 1921, xlvi, 333. 
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No. 401. 0.2582 gm. substance absorbed 0.1071 gm. iodine, corresponding 
to an iodine number of 41. 


These salts were hydrolyzed in the usual manner, and the iodine 
numbers of the whole mixed fatty acids determined. 


0.2663 gm. substance absorbed 0.1261 gm. iodine, corresponding to an 
iodine number of 47. 


The fractionation of these acids, dependent on the varying 
solubilities of the barium and lead salts, was carried out by the 
method described in the preceding paper. 

The acid of lower unsaturation melted at 14°C, and had an iodine 
number of 87. 


0.2616 gm. substance absorbed 0.2259 gm. iodine. 
The iodine number of oleic acid is 90. 


‘The more highly unsaturated fraction of these acids was 
brominated in the usual manner, and the precipitated bromide 
purified by extraction with ether. A grey powder weighing 1.5 
gm. was obtained. When heated to 250°C., after very gradual 
darkening, it sintered without melting and analyzed as follows: 


0.1020 gm. substance: 0.0302 gm. H,O and 0.0932 gm. COs. 


0.2020 “ “5 :(Carius) 0.3190 gm. AgBr. 
CooH3202Brs. Caleulated. C 25.43, H 3.42, Br 67.72. 
Found. 24.91, 3.31, 67.22. 


No linolic tetrabromide could be isolated from the mother liquor. 


ON A POSSIBLE ASYMMETRY OF ALIPHATIC DIAZO 
COMPOUNDS. III. 


By P. A. LEVENE anp L. A. MIKESKA, 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 


(Received for publication, July 10, 1922. 


In previous publications,!? several observations were reported 
which seemed to point towards the existence of an optically active 
diazodiethyl succinate. The present note contains an additional 
proof in the same direction. Curtius* has shown that acting with 
diazoethyl acetate on benzoic acid, benzoylethyl glycolate is 
formed. It wasexpected that under similar conditions diazodiethyl 
succinate will form benzoyldiethyl malate. It was also expected 
that this substance could be prepared free from malic or fumaric 
esters which may form as by-products, since the former possesses 
a much higher boiling point. These expectations were realized. 
Acting with diazodiethyl succinate on benzoic acid, pure benzoyl- 
diethyl malate was obtained with an optical activity 


[a]; = + 0.22° 


Under similar conditions diethyl malate acting on benzoic acid 
did not give even a trace of benzoyldiethyl malate. 

Conversion of Diazodiethyl Succinate into Benzoyldiethyl Malate.— 
Crude diazodicthyl succinate (45 gm.) containing 9.23 per cent 
diazo nitrogen, was added in small portions to 30 gm. of melted 
benzoic acid. The temperature of the reaction mixture was 
maintained at 140°C., until the reaction was complete, which 
required about 8 minutes. It was then cooled, dissolved in ether, 
and washed three times with sodium carbonate solution and finally 
with distilled water. After drying the ethereal solution with 
anhydrous sodium sulfate, the ether was removed under dimin- 


1 Levene, P. A., and Mikeska, L. A., J. Biol. Chem., 1920-21, xlv, 593. 
2 Levene, P. A., and Mikeska, L. A., J. Biol. Chem., 1922, lii, 485. 
3’ Curtius, T., J. prakt. Chem., 1888, xxxviii, 427. 
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ished pressure and the residue extracted with petroleum ether to 
insure the removal of traces of benzoic acid. The residue was then 
fractionated under a pressure of about i35mm. The first fraction 
boiled between 65 and 70°. The temperature then rose rapidly 
and the second fraction was collected between 130 and 149°C. 
The third fraction distilled between 150 and 160°C. The third 
fraction was redistilled under a pressure of 3 mm., and separated 
into two fractions, the first boiling at 146-147°C. and the second 
which was identified by analysis as benzoyl malate, boiled at 147- 
148°C. 


0.1024 gm. substance: 0.0624 gm. H.O and 0.2300 gm. COs. 
C,5HisOc. Calculated. C 61.23, H 6.16. 
Found. 61.25, ‘* 6.81. 


The substance had the following rotation: 


+0.22° x 100 


[a], = —T 100 = + 0.22 


The optical rotation of the original diazo compound was: 


+1.14° X 100 


= 


In another experiment 30 gm. of diazodicthyl succinate were 
treated with benzoic acid as in the preceding experiment. A 
fraction, boiling at 143°C. under 0.2 mm. pressure, was obtained. 
It had an optical rotation of 


+0.12° 100 


[a], = ~ + 212° 


The percentage of carbon and hydrogen found, agreed well with - 
the theoretical values. 
0.1014 gm. substance: 0.0604 gm. H.O and 0.0227 gm. COs. 


Cy Caleulated. C 61.23, i 6.16. 
Found. 


The original diazo compound had an optical rotation of 


+ 0.75° X 100 


= T3100 = +: 9-75 
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Action of Benzoic Acid on Diethyl Malate-—Malic ester (10 gm.) 
was gradually added to 10 gm. of melted benzoie acid exactly as 
in the preceding experiment. The temperature was maintained 
at 140—-145°C. for 10 minutes. The excess of benzoie acid was 
removed by washing the ethereal extract with a solution of sodium 
carbonate. The extraet was then dried, the ether removed, and 
the residue distilled. The entire amount distilled at 78—80°C. 
leaving only a trace of residue. In this case only about 1 gm. of 
substance was obtained whereas under similar conditions 45 gm. 
of diazodiethyl malate yield 42 gm.of combined distillates. 

0.1012 gm. substance: 0.0716 gm. H:O and 0.1824 gm. COs;. 


C gH Calculated. C 50.52, H 7.36. 


THE METABOLISM OF INORGANIC SALTS. 


I, THE ORGANIC ION BALANCE OF THE BLOOD IN PARA- 
THYROID TETANY.* 


By ERWIN G. GROSS anp FRANK P. UNDERHILL. 


(From the Department of Pharmacology and Toxicology, Yale University, 
New Haven.) 


(Received for publication, July 18, 1922.) 


It is almost universally accepted that tetany and the metabolism 
of calcium are closely related. MacCallum and Voegtlin (1) in 
1909 showed conclusively that in tetany in dogs, following the 
removal of the parathyroid glands there was not only an increased 
calcium excretion, but a marked decrease in blood calcium. The 
view that the parathyroid glands are intimately associated with 
the metabolism of calcium has gained many adherents, but the 
mechanism of this controlling function as yet is unknown. 

Loeb (2), Ringer (8), and others have shown that the ratio of 
the inorganic ions of the blood is of far more importance than the 
absolute amount of each, in the maintenance of normal equilib- 
rium of function, especially of the heart beat. If this is true, it 
becomes of interest to see whether the change of one of the ele- 
ments of the blood will cause a compensatory shift in any of the 
other ions. 

As far as can be found in the literature, the only study of this 
kind has been made by Greenwald, published in an article by 
Hastings and Murray (4). However, the results presented in 
that paper are incomplete. Such studies have only been made 
practicable in the last year or 2 by the perfection of methods 
which make it possible to determine the blood salts in a relatively 


small quantity of blood. 
* A portion of the expense of this investigation was defrayed by a grant 
from the American Medical Association. 
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Recently Kramer, Tisdall, and Howland (5) have studied the 
inorganic salts in infantile tetany. Whether infantile tetany 
bears any relation to altered functions of the parathyroids does 
not receive very great support. Therefore, one is not justified 
in assuming that there are necessarily similar changes in 
salts in these two types of tetany, although both seem to be in- 
timately associated with low blood calcium. 

Perhaps the study of calcium in relation to tetany has been the 
most intensively studied, due to the observation of Sabbatani (6) 
in 1904, that calcium salts are related to the diminished irritability 
to electrical stimulation, while substances which reduce calcium 
caused increased irritability. The correlation of low calcium to 
increased irritability in tetany has given scientific foundation 
for the relational administration of calcium in the relief of 
spasmophilia. Quest (7) has found a reduced calcium content 
of the brain tissue of patients who had died from tetany. Neu- 
rath (8), Longo (9), and Cattaneo (10) have made studies in 
tetany and found a lowered calcium content, but the figures 
cited are so different from those of more recent investigators that 
one queries how much value can be placed upon them. 

MacCallum and Voegtlin (1) and MacCallum and Vogel (11) 
in studies upon parathyroid tetany in dogs found not only an 
increased calcium excretion, but a marked fallin blood calcium. 
These authors further showed that the administration of caleium 
lactate temporarily relieved the tetany. Cooke (12) in 1910 was 
unable to find any marked increase in calcium excretion in tetany 
or a lowered calcium content of the brain in parathyroid tetany, 
and concludes that the parathyroids are not functionally related 
to calcium metabolism. Recently, however, Hastings and 
Murray (4) have obtained results very similar to those of Mac- 
Callum and Voegtlin (1) in the blood calcium. 

Howland and Marriott (13) in 1917 showed that in infantile 
tetany the calcium of the serum decreased very materially while 
the phosphates and magnesium remained singularly constant. 
These observations have recently been reaffirmed in the same lab- 
oratory by Kramer, Tisdall, and Howland (5). The latter authors 
further found that sodium remains quite constant, but that 
potassium tends to increase as the calcium decreases. However, 
the change in potassium was not very marked, and they conclude 
that low calcium is responsible for infantile tetany. 
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Binger (14) in 1917 found that the injection of the alkaline 
phosphates caused tetany and also reduced the calcium, and 
advances the hypothesis that phosphates are responsible for the 
tetany. Greenwald (15), however, does not agree with tbis, and 
has shown that phosphates alone have no toxicity. He believes 
that the effect of the phosphates is due to a disturbance in the 
balance of the other elements. 

To determine whether or not there is a disturbance in the 
balance of the elements in parathyroid tetany, it is necessary to 
make a complete study of the inorganic elements of the blood. 
With this view in mind we have attempted to follow the inorganic 
constituents through the various stages in parathyroid tetany, 
without special reference to the cause of tetany. 


EXPERIMENTAL. 


Dogs have been used as experimental animals. Normal values 
in the blood have been determined after a 48 hour fasting period 
except in one case, see Table V. The operations for removal of 
the entire thyroid—parathyroid structures were carried out under 
aseptic conditions and the animals fasted throughout the period 
of the experiment. Blood was obtained from the external jugular 
vein by aspiration. ‘The chlorides were determined according to 
the Whitehorn (16) method, total phosphorus according to Bloor 
(17), and the calcium, potassium, sodium, and magnesium by the 
procedure of Kramer and Tisdall (18) for whole blood. Slight 
modifications were made in the method of potassium, as the 
potassium of dog blood is very much lower than in human blood, 
1 ce. of the final acid filtrate was used instead of 0.2 cc. as called 
for in the original method. The proportions of the other reagents 
were not altered. Blank controls were determined upon all 
reagents and found to be sufficiently pure without necessitating 
any correction factors. Duplicate analyses were made in all 
eases. As the method of Kramer and Tisdall necessitates the 
weighing of the blood rather than the measuring, all the analyses 
are reported on a weight basis, and values are expressed per 100 
gm. of whole blood rather than per 100 ce. as is the usual custom. 
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The Inorganic Ratios of the Normal Fasting Dog. 


In a study of the ratio of the various ions it is necessary to 
establish the various ranges of the elements under normal fasting 
conditions and also after the operation to determine the effect of 
the anesthesia used in the operation. Analyses which tend to 
show the widest ranges of the various elements as determined 
have been selected and are presented in Table I. All analyses 
were made after 48 hours fasting, values expressed as mg. per 
100 gm. of blood. 

From the above analyses it will be seen that the inorganic 
elements under similar conditions are quite constant, the greatest 
variation occurring in the case of potassium. These values agree 


TABLE lI. 


The Inorganic lons of the Blood during Fasting. 


Dog 1, 9.| Dog2, 9.| Dog3,c¢’.| Dog 4. Dog 5. Dog 6. Dog 7 
Cl... .| 818.0 | 296.0 | 302.0 | 330.0 | 318.0 | 310.0 | 312.0 
39.0 39.8 39.2 37.1 34.8 38.9 40.3 
5.5 53.3 5.7 5.9 5.6 5.7 5.5 
I. 29.0 25.3 26.8 31.0 29.6 31.8 
Na: .| 312.0 | 305.0 | 301.0 | 310.0 | 315.0 | 313.3 312.0 
Mg. 5.8 4.9 4.9 3.9 2.6 4.6 


fairly closely with those cited by Abderhalden (19), except in the 
case of magnesium, on which Abderhalden found much lower 
results while the correctness of the magnesium determinations 
were not checked against a known amount of magnesium, several 
analyses were made upon human blood with the same reagents 
and the values found agree very closely with those cited by 
Kramer and Tisdall. 

Loeb (20) in 1915 found that to preserve normal irritability of — 
(Na) + (Kx) 
(Ca) + (Mg) 
stant. In calculating the ratios of the monovalent ions to diva- 
lent ions of the seven analyses cited this ratio does approach a 
fairly constant figure, ranging between 29.2 to 33.3. 


nerves the ratio of must be maintained fairly con- 
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Influence of Fasting and Ether Anesthesia upon the 
Organic Ratios. 


In Table II the effect of starvation and of anesthesia will be 
seen. This dog did not develop tetany after the removal of the 
parathyroids, and remained alive, apparently normal for 2 
months, at which time the animal was utilized for other experi- 
mental purposes. The various elements before and 3 days after 
the operation were practically unchanged within the limits of 
experimental error. With the observed constancy of these 
various ions, not only in the same individual, but also in 
different individuals, any change of note in one of the elements 
will readily effect the ratio. 

TABLE II. 
Influence of Fasting and Anesthesia upon the Inorganic Ions of the Blood. 


Dog 8; male; weight 22.3 kilos; analyses after 48 hours fasting. 


Date. | Chlorides. Calcium. | Potassium.}| Sodium. |Magnesium. 
1921 
Dec. 16........ 302 38.8 5.9 30.0 | w6 | 5.7 
Anesthesia and operation. 
ee eee 300 | 40.0 | 5.8 | 31.2 | 310 | 5.9 


(‘onsiderable difficulty has been experienced in obtaining tetany 
following the removal of the parathyroids. Over one-half of the 
animals studied failed to develop any symptoms. In our exten- 
sive experience with this type of investigation such a result is 
unusual and difficult of explanation. Both thyroid and para- 
thyroid glands were apparently removed in all instances, and it 
must be concluded that these refractory animals had accessory 
parathyroids, which were not imbedded in the thyroid tissue, 
and thus failed to be removed in the operation. 


The Influence of Removal of the Thyroids and Parathyroids upon 
the Inorganic Ratios of the Blood. 


Dog 9 was operated upon December 8th and on the 2nd day 
developed symptoms of mild tetany (Table ITI). 

The most striking changes in the elements here are the decrease 
in calcium, and the increase in potassium and phosphorus. The 
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TABLE III. 


The Influence of Removal of the Thyroids and Parathyroids upon the Inorganic 
Ion Balance of the Blood, 


Dog 9; male; weight 10.8 kilos. 


Per 100 gm. of blood. 


= >= & 

1921 mg. my | mg. mg mg. mg. 

Dec. 6,306 36.8 5.9 | 22 4 307 .6 5.6 

8 

“ 91302 50.2) 4.8 | 23.2/287.5) 5.7 

|295.2) 47.8) 3.3 | 33.11324.0) 5.5 

[270.0) 47.0) 2.8 | 33.2)291.2) 5.2 

“12 }270.0 54.4; 1.9 | 37.2'320.0) 5.4 


Remarks. 


Normal; taken 48 hrs. after last 
meal, 

Complete removal of thyroid 
and parathyroid structures. 
Dog showed tremors, increased 
temperature at 10.30 a.m. 
Blood sample taken at 11.30 
a.m. Tremors stopped at 
12.15 p.m. 10.30 p.m. dog 

apparently normal. 

11.30 a.m. drank water very 
copiously. Increased respir- 
ation, tetany. Blood sample 
taken at 12.00 m. Shortly 
after bleeding, respiration 
returned to normal. 

Severe tetany 9 a.m. Blood 
sample taken 10 a.m. followed 
by injection of 20 ec. of 5 per 
cent calcium lactate; 10.30 
a.m. dog recovered. 9.30 
p.m. severe tetany. Given 
20 ec. of calcium lactate. 
12.00 m., no relief, Cheyne- 
Stokes’ breathing. 

9.30 a.m. dog still in tetany; 
given 20 cc. of 5 per cent cal- 
cium lactate; 10.30 a.m. 
tetany practically  disap- 
peared; 11.30 a.m. _ slight 
tetany, labored breathing. 
Blood sample at 6 p.m. 
Condition about same. 10 
p.m. dog dead, no convyul- 
sions, no frothing at mouth. 


| 
| 
| 
| 
| | 
| | | 
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chlorides fell slightly, but the sodium and magnesium remained 


(Ca) changes from 6.2 to 28.4 


and the ratio of AE) from 3.8 to 19. The ratio of the 


(Ca) 
(Na) + (K) 
(Ca) + (Mg) 
for the normal and the final analysis attained preceding death, 
as this gives the greatest change in the constituents. 

While the first injection of calcium lactate was not apparently 
effective, the second injection the following day quite promptly 
relieved the symptoms. The effect of calcium is of very tempo- 
rary nature and the extra calcium injected soon leaves the blood 
stream as shown by the analysis made 83 hours after the exhibition. 

Dog 10 developed tetany on the 3rd day after the operation 
(Table IV). 

In this animal at the onset of tetany the blood calcium was 
reduced over 50 per cent while the other elements were little if 
any effected. The phosphorus was unchanged within experi- 


mental limits throughout the entire period. The ratio of a 
(Na) + (K) 

(Ca) + (Mg) from 32.8 
to 40.2. These ratios approach the ratios obtained in the pre- 
ceding animal. It is impossible to draw any deductions from 
the ratios obtained just at the beginning of tetany, as usually 
the dogs had developed tetany during the night. However, com- 
paring Dogs 9 and 10 when the first convulsive tetany appeared the 


practically constant. The ratio of 


changes from 29.0 to 48.5. These ratios are given 


changes from 4.5 to 22.2, and the ratio of 


ratios of ==. are quite close ranging from 10 in Dog 5 to 10.2 in 


(Ca) 
onovalent ions . 
Dog 10. The ratio of the is also remarkably close 
divalent ions 


being 40.1 in Dog 9 and 40.2 in Dog 10. 

That the injection of soluble calcium salts relieves the symp- 
toms of tetany by increasing the blood calcium is apparent from 
the analysis. This analysis made + hours and 15 minutes after the 
injection of Ca lactate still showed a marked increase in calcium. 
The relief of tetany lasted over a considerably longer period than 
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TABLE IV. 
The Influence of Removal of the Thyroids and Parathyroids upon the Inorganic 
Ion Balance of the Blood. 


Dog 10; male; weight 13.7 kilos. 


Per 100 gm. of whole blood. 


= Sa] 3 
1922 mg. mg mg. mg. mg. 
Jan. 3 290 40.5| 5.2 | 23.5) 313 
7 
“cc 
9 
ae 275 39.6) 2.8 | 28.8) 281 
ae 268 | 37.7) 2.2 | 31.1) 272 
255 37.9} 1.7 | 28.5} 237 
4.45 p.m. 
| 
Jan. 11 263 | 38.5) 3.3 | 29.5} 240 
> oe 252 40.0 1.8 | 35.0) 252 
14 


§ Remarks. 

= 

mg. 
5.04) Normal blood sample taken 


4.9 


5.8 


5.1 


5.7 


5.06 


2 days after last meal. 
10.30 a.m. complete removal 
of thyroid tissue (4 para- 
thyroids found). 
Dog normal. 


8.30 a.m. severe convulsions, 
frothing at mouth, blood 
sample taken. Improved 
9.45 a.m. 

9.00 p.m. distinct tetanic 
twitching of legs. 

8.30 a.m. dog quiet. 1.00 
p.m. beginning tetany. 
4.45 p.m. marked tetany, 
blood sample drawn. 5.45 
p.m. severe convulsions. 
6.28 p.m. given 20 cc. cal- 
cium lactate subcutane- 
ously. 

9.00 p.m. dog resting quietly 
(blood sample drawn). 

Dog resting quietly, 8.00 
a.m. 2.00 p.m. mild tetany. 

8.00 a.m. slight twitching. 
2.00 p.m. mild tetany, no 
increased respiration, 
blood analyses. 8.30 p.m. 
very increased tetany, 
given 20 cc. of calcium 
lactate. 

Except for slight twitchings 
resting well. Blood count 
7,256,000. 


| 
| 
ee 


E. G. Gross and F. P. Underhill 113 


TABLE IV—Concluded. 


Per 100 gm. of whole blood. 


6 
om 
1922 mg. mg. mg mg. mg mg 
Jan. 15 250 | 41.8 1.3 | 27.3 229 | 5.1 | 10.00 a.m. about same condi- 


tion, blood sample drawn. 
“ 16-19 Jan. 16, 17, 18, 19 dog very 
weak with constant 
twitching, given food Jan. 
19, ate all food. 

264.5) 40.2) 1.4 | 31.0 231 | 5.1 | Twitching markedly de- 
creased; blood sample 
taken. Dog taken’ to 
basement, refused food; 
died Jan. 25 without any 
convulsions. 


in the preceding case. While apparently the calcium is the only 

(Na) + (K) 
(Ca) + (Mg) 
being approximately the normal ratio, while at the succeeding 
attack of tetany the ratio becomes 42, which is very close to the 
ratio of these ions at the first attack of tetany. 

Dog 11 developed tetany the 3rd day following the operation 
(Table V). 

This dog also showed a low calcium. The potassium in this 
dog did not rise beyond the range of experimental error. The 
normal potassium was very high, and perhaps this high value 
can be accounted for by the fact that the normal analysis was 
made directly after a meal. The dog never developed typical 
tetany, but showed a condition marked by stiffening of legs and 
violent breathing, finally dying of respiratory failure. The nor- 


element effected the ratio of at this analysis is 30, 


K 
mal ratio of ae was 5.8 changing to 9.5 at first attack and the 


(Ca) 
(Na) + (K) 
final ratio being 16.4. The ratio of 
. (Ca) + (Mg) 


30 in the normal to 35.3 at first attack and finally reaching the 


changed from 
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TABLE V. 


The Influence of Removal of the Thyroids and Parathyroids upon the Inorganic 
Ion Balance of the Blood. 


Dog 11; male; weight 19 kilos. 


Da 


te. 


Per 100 gm. of whole blood. 


Jan, 24 


Chlorides. 


.| 296 


306 


Total phos- 
phorus. 


3 


38.0 


37 .6 


42.0) 2. 


Caleium, 


~ 

~ 
= 


| 


Potassium. 


36.3 


Sodium, 


~ 
= 


— 
WwW 


303 


297 


Lost. 


315 


Magnesium. 


5.2 


Remarks. 


Normal blood sample 
drawn 30 min. after last 
meal, 

Complete removal of thy- 
roid and_ parathyroid 
structures. 

Dog normal, 


9 a.m. apparently well, 9.30 
a.m. drank water copi- 
ously, 10 a.m. tetany in 
hind legs. 10.30 a.m. 
blood sample _ taken. 
11.00 a.m. dog improved, 
but slight twitching. 12 
m. no twitching but dog 


restless. 10 p.m. no 
tetany, blood sample 
taken. 


9 a.m. same condition, 2.30 
p.m. after drinking copi- 
ously dog stiffened in 
cage and apparently had 
respiratory failure, arti- 
ficially respirated and 
blood sampletaken. Nor- 
mal breathing returned 
after blood drawing. 

Dog very restless, difficult 
breathing, slight twitch- 
ing of legs. Blood drawn 
at 11 a.m. Dog died at 
12.45 p.m. of respiratory 
failure, no convulsions. 


| | | | | | | 
| | | | | | : 
102? | mg. | | mg. | | mq. | 
Jan. 17 296 | | 34.2) | a7 
| | | | 
| | | 
| | 
10.50 | 36.0; 3.8 | 33.7, | 5.8 | 
10.00 p.m | 37.7; 3.4 35.0) MM | 5.8 
| | | 
| | | 
| 
| 
| | 
| | | | 2 
| | | 
| 
| | | | | j 
| | j 2 
| | | | | { 
| q 
| | | | | | | j 
| | | 
| 207| | 5.5 | | 
| 
| | | ; 
| 
| | | ‘ 
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ovalent . 
value of 45.4. The ratio of the rc . ions at the first 
divalent 


attack is considerably lower than in the other two dogs, but this 
may possibly be explained by the fact that the animal did not 
develop true convulsive tetany, as experienced in all the other 
animals. 

Dog 12 developed tetany the 3rd day following the operation, 
showing a very active tetany in a short time (Table VI). In 
this case as in Dogs 9 and 10 the calcium dropped markedly and 


the potassium increased. The ratio of in the normal was 


K) 
Ca) 
5.2 changing to 13.2 at the height and finally reaching the ratio 
of 17. The ratio of en aa ranged from 32.5 in normal to 
43.9 at height and finally attaining the ratio of 51. The ratios of 
(K) (Na) + (®) 
(Ca) (Ca) + (Mg) 
the preceding cases. This dog may possibly have had a previous 
attack during the night and recovered, which might also account 
for the sudden attack in the morning. No marked changes 
occurred in any of the other elements. 


at height of tetany are higher than any of 


Dog 13, again developed tetany in 3 days and the ratio of (Ca) 


varied from 5.12 in normal to 15.8 at height and the final ratio 
(Na) + 
(Ca) + (Mg) 
49.8 at height, the final ratio being 52.8. All the ratios in this 
animal are again higher than those in the first three animals at 
the first severe tetany. This dog was in tetany in the morning 
when first observed, and may have had other attacks. This 
suggestion is strengthened by the fact that the drawing of blood 
did not benefit the condition, which is contrary to our observa- 
tions with the most of the other animals. Bleeding at the be- 
ginning of tetany nearly always temporarily relieves the symp- 
toms. Whether the ratios would have changed further is not 
known as the animal was bled to death after the last analysis. 
As in the case of Dog 9, this animal showed a marked increase 
in the total phosphorus. Why such increases should be obtained 


was 33.2 in normal to 


was 52.8. The ratio of 


| 
4 
| 
4 
45 


Dog 12; female; weight 20 kilos. 


TABLE VI. 
The Influence of Removal of the Thyroids and Parathyroids upon the Inorganic 
Ion Balance of the Blood. 


Date. 


Per 100 gm. of whole blood. 


Ss 

1922 mg. 

Feb. 3 294 
6 
7 
8 
267 
9.30 a.m. 

Feb. 9 292 
270 
290 
12 
13 


Total phos- 
phorus 


30.0 


30.0) 2. 


34.8 


34.5 


is 
mg. mg. 
5.3 | 28.0 
2.8 | 37.0 
2.¢7.| 32.3 
2.8 | 32.0 
2.0 34.0 


Sodium. 


305 


310 


Magnesium. 


4.6 


Remarks. 


Normal taken 2 days after 
last meal. 
Complete thyroid removal. 
Dog normal. 


9.00 a.m. dog apparently 
normal, drank water very 


copiously. 9.15 a.m. ac- 
tive tetany. 9.30 a.m. 
blood drawn. 11.00 a.m. 


dog standing up, tetany | 
about disappeared, breath- 
ing rapid. 11.45 a.m. 
severe tetany, chattering 
teeth, rapid respiration. 
11.55 a.m. given 20 ee. 5 
per cent calcium lactate 
subcutaneously. 1.45 p.m. 
still in convulsive tetany, 
rapid respiration, given 20 
cee. 5 per cent calcium lac- 


tate. 3.00 p.m. tetany 
disappeared, respiration 
normal. 


5.00 p.m. blood sample taken. 
6.00 p.m. dog apparently 
normal, 

9.00 a.m. dog in severe 
tetany, blood sample taken. 

8.30 a.m. dog in tetany of 
more or less severe spas- 
modic attacks. 4.30 p.m. 
blood sample taken; spas- 
modic tetany. 

No blood sample taken. 
Dog about the same. 

Dead. No convulsions. 
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in some cases and not in others is not understood. In the results 
of Greenwald published by Hastings and Murray (4) he has 
found increases in phosphorus in all the cases cited. Our results 
do not entirely agree with those of Greenwald. 

While it is well known that calcium exists entirely in the serum, 
and potassium chiefly in the cells, it is not easy to explain these 
changes on the ground that the blood has become more concen- 


TABLE VII. 


The Influence of Removal of the Thyroids and Parathyroids upon the Inorganic 
Ion Balance of the Blood. 


Dog 13; female; weight 12 kilos. 


Per 100 gm. of whole blood. 
Date. gi 2 E Remarks. 
Sit 
1922 mg mg. mg mg. mg mg. 

Mar. 7 310 | 36.8) 5.8 | 26.1) 330 | 4.9 | Normal after 48 hrs. fasting. 
Thyroid and parathyroids 
removed. 

Dog normal. 

278 | 50.0) 2.4 | 38.0 320 | 4.8 | 7.30 a.m. slight twitching 

8.30 a.m. movements. 8.00 a.m. 
rapid breathing = and 
tetany. 8.30 a.m. blood 
sample drawn. 

Mar. 10 289 | 55.7/ 1.9 | 38.6) 321 | 4.9 | No especial benefit from 

5 p.m. bleeding, continued te- 
tany. Blood sample taken 
at 5 p.m. and dog bled to 
death. 


trated. While neither blood solids nor hemoglobin have been 
followed in these experiments, it has been shown in this laboratory 
by Underhill and Nellans that the hemoglobin values remain 
fairly constant in parathyroid tetany. Further proof that this 
cannot be the explanation is the fact that the chlorides, sodium, 
and magnesium remain practically constant, and also phosphorus 
in the majority of cases. 


| 
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SUMMARY OF THE RATIOS OBTAINED IN TETANY. 


That the symptoms of the increased irritability and tetany are 
closely allied to the disturbed ratios of the various ions will be 
seen in Table VIII. 

Irom this table the results suggest that changes in the ratios 
are more important than the absolute changes in any one of the 


monovalent 


elements. When the ratio of the - ions reaches 40 
divalent 


and above the animals always show convulsive tetany, while the 


(Ca) 


ratio of 10 or above is accompanied by convulsive tetany. 


TABLE VIII. 
Ion Ratios in Tetany after Removal of Thyroids and Parathyroids. 


Period. Ions. Dog 9. | Dog 10.| Dog 11.) Dog 12.) Dog 13. 
K 
=. 3.8}; 4.5] 5.8] 5.2] 5.1 
(Ca) 
10.0; 10.2} 9.5 | 13.2 | 15.8 
19.0 | 22.2 | 16.4 | 17.0 | 23.1 
After Ca injections suc- 9.0 
ceeding tetany....... 19.5 
(Na)+ (kk) 
28.7 | 32.8 | 30.0 | 32.8 | 31.4 
(Ca)+ (Mg) 
40.1 | 40.2 | 35.3 | 43.9 | 49.8 
48.5 | 40.2 | 45.4 | 51.0 | 52.8 
After Ca injection suc- 30.0 
ceeding tetany....... 42.0 
DISCUSSION. 


From the preceding results it is apparent that there is a marked 
change in certain of the blood constants, especially in the case of 
calcium and potassium following parathyroid tetany. Whether 
the removal of the parathyroids is directly responsible for these 
changes, or whether the change in the blood salts is a secondary 
manifestation cannot be inferred from the data. However, we 
are of the opinion that the parathyroids function in some manner 
or other in the detoxication of some toxic products which prob- 
ably affects the calcium. Recently Luckhardt and Rosenbloom 


| 
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(21) have shown that by continuous intravenous injections of 
calcium-free Ringer’s solution, thereby keeping up a brisk diuresis, 
they were able to maintain tetany dogs for 51 days. This would 
immediately point to some toxic substances being washed out of 
the blood. Paton and Findlay (22) have ascribed this toxic prod- 
uct to guanidine, and were able to produce typical tetany in 
dogs by injection of this substance. 

It has long been observed, as our own experiments show, that 
at least in the early part of tetany, the mere expediency of drawing 
blood will temporarily alleviate the symptoms of tetany. It is 
very difficult to explain such a phenomenon, unless we assume a 
toxic product in the blood stream. 

In the relation of calcium to potassium a rather remarkable 
change may be observed. It is a well recognized fact that potas- 


sium is antagonistic to calcium. There are no readily available 


stores of calcium to be called upon, while the various cells of the 
body store large amounts of potassium, which could be easily 
called into use. The more potassium poured into the blood, the 
greater becomes the disturbance in the equilibrium of the ions. 
If the relation of the ratios between these two elements at the 
time of the first attack of severe tetany are of any significance in 
relation to the conception of these symptoms, then a further in- 
crease in the ratio of potassium to calcium must be more detri- 
mental to the organism. That the change in potassium as well 
as calcium perhaps has an apparent importance is highly probable. 
Kramer, Tisdall, and Howland (5) have found increases in potas- 
sium in infantile tetany. MacCallum and Voegtlin (1) in study- 
ing the effect of various salts upon tetany found that the injection 
of potassium acetate did not relieve the symptoms, but if any- 
thing tended to increase the tetany, while it required a greater 
subsequent injection of calcium lactate to relieve these animals. 
While these experiments of the latter authors are of doubtful 
significance they at least furnish an interesting speculation. 
That this peculiar relation of calcium and potassium is not an 
idiosynerasy of tetany alone has been shown in this laboratory. 
By the injection of sodium oxalate the calcium of the blood can 
be greatly decreased, while the potassium rises, even to a greater 
amount than that obtained in tetany. With these facts before 
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us, it is quite possible that calcium and potassium are very in- 
timately related in their metabolism, and when the equilibrium 
existing between them is disturbed grave consequences follow. 


CONCLUSIONS. 


1. The blood salts in dogs under normal fasting conditions are 


practically constant. 
2. Parathyroidectomy chiefly disturbs the ratio between 


calcium and potassium. 
3. The inception of tetany obtains with : a definite change in the 


ratio of calcium to potassium. 
4. The hypothesis is suggested that both low calcium and high 
potassium are factors in the production of the increased 


irritability. 
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STUDIES OF GAS AND ELECTROLYTE EQUILIBRIA IN 
BLOOD. 
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INTRODUCTION. 


Recent articles by L. J. Henderson (1920, 1921), Parsons (1919), 
Van Slyke (1921, b; 1922), and A. V. Hill (1922) have summarized 
the present state of our knowledge concerning the interaction of 
oxygen, carbon dioxide, hemoglobin, chlorides, and other constit- 
uents involved in the respiratory function of the blood and in the 
maintenance of its neutrality and osmotic pressure. The field 
inits present state has been developed from the blood gas studies of 
Bohr, Haldane, Barcroft, and their collaborators, and the investi- 
gations of the blood electrolytes dating from Zuntz through 
Hamburger and Giirber to present investigators (e.g. L. J. Hender- 
son, 1908; Van Slyke and Cullen, 1917; Adolph and Ferry, 1921; 
Fridericia, 1920; Doisy, Eaton, and Chouke, 1922; Barcroft, 
Bock, Hill, Parsons, Parsons, and Shoji, 1922). 

The reactions known to be involved in the respiratory changes 
of the blood, and the accompanying shifts of gases and acids 
between plasma and cells, are in part indicated qualitatively 
by the accompanying diagram (Fig. 1). 

All six reactions are forced from left to right by increase in 
H.CO;, which results in formation in the plasma of bicarbonate 
from two sources (Reactions 1 and 2), and in the cells from two 
other sources (Reactions 5 and 6). 
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The displacement of base from combination with hemoglobin 
by HC] (Reaction 4) or HeCO; (Reaction 6) results in a decrease 
in the oxygen bound by hemoglobin (last steps of Reactions 4 and 
6), because when alkali hemoglobinate loses part of its alkali it 
also loses part of its affinity for oxygen. 

On the other hand, increase of O. (from the lungs) forces Reac- 
tions 4 and 6 backwards, and thereby through Reactions 6 and 2 
sets free. 

By the reactions outlined influx of oxygen sets HsCQO; free 
and thereby helps the blood throw off in the lungs its overload of 
CO.; while in the capillaries influx of CQ, sets oxygen free from 
combination and thereby makes it more readily available to the 
tissues. 

It is apparent from the diagram that every reaction affects 
every Other reaction. In a given blood the O2. and the HCO; 
concentrations are the two variables that are directly changed 
by respiration, and their alterations govern the accompanying 
changes in all the other variables, which are dependent on them. 
As L. J. Henderson has pointed out (1921), when we have 
ina given blood only two independent variables to deal with, 
by determining the relationship of each other variable to these 
two, or to any given two within the system, the quantitative 
interrelationships among them all may be determined. This 
may be accomplished either algebraically, or, more simply, by 
a two dimensional diagram such as Henderson has used (1921), 
or by an alignment chart. (The pH, although not indicated on 
our diagram, is also one of these dependent variables, since its 
value is set by the BHCQO; and H.CO; according to Hassel- 


BH 
balch’s (1917) equation pH =pK’ + om — ) 


[H2COs] 

It appears that the chief substances and reactions involved in 
the respiratory changes of the blood are probably known; and 
that Henderson has solved the mathematical problem of expressing 
by a practicable method the many relationships involved. 

One cannot, however, read the recent theoretical papers quoted 
at the beginning of this paper without being struck by the present 
inadequacy of experimental data sufficiently accurate and complete 
to permit within definable limits of error the formulation of the 


| ‘ 

+ 

. 


124 Blood Saturation with Gas Mixtures 


quantitative relationships involved.!. Such data require simul- 
taneous observations of several changes with technique of a 
precision gauged in detail to meet the requirements of the problem. 

Preliminary experiments leading towards the systematic 
determination of data on the various factors in the system were 
begun by McLean, Murray, and L. J. Henderson (1920) in Hender- 
son’slaboratory. The magnitude of the task made a coordinated 
division of it between at least two laboratories advisable, and the 
present series of papers from this laboratory is the partial result 
of such a division. 

The problem of the determination of CO. and Oy, tensions by 
analyses of the gas phase was already solved by Haldane’s appar- 
atus for air analysis. We used this apparatus withthe single 4-way 
stop-cock introduced by Yandell Henderson (1918). 

The methods available for the determination of blood gases 
were less satisfactory. Fig. 2 is constructed from observations 
collected from the literature by Peters, Barr, and Rule (1920), and 
presents in graphic form the relations which appear to obtain 
between the carbon dioxide tension, the carbon dioxide concen- 
tration, and the hydrion concentration in average normal human 
blood. On this figure have been introduced carbon dioxide 
absorption curves (a), of completely oxygenated blood; (b), of 
completely reduced blood (located at the distance above the curve 
of oxygenated blood indicated by the results of Christiansen, 
Douglas, and Haldane (1914));and (ce), of plasma from the oxygen- 
ated blood. A comparison of these curves shows the magnitude 
of the changes which it is necessary to analyze. 

The large unblocked rectangle (A) represents an estimation 
of the maximum combined error involved in the determination of 
the carbon dioxide absorption curve by a technique employed 
recently by Peters, Barr, and Rule (1920). The error is indicated 
in terms of pH, of volumes per cent of carbon dioxide in the blood, 
and of millimeters of carbon dioxide tension. We believe that the 
procedure employed in these experiments was as accurate as that 
used by previous workers. Neverthcless, the rectangle representing 
the possible cumulative error covers 40 per cent of the difference 


1The quantitative relationships between Reactions 1 and 2 appear 
satisfactorily established in a paper by Doisy, Eaton, and Chouke (1922), 
which appears as this paper goes to press. 
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between the carbon dioxide content of completely reduced and that 
of completely oxygenated blood. The cross-hatched rectangle 
(C) represents the limits of variation in duplicate determinations 
of the blood carbon dioxide by the method presented by Van Slyke 
in 1917 which was used by Peters, Barr, and Rule. These limits 
are of the same magnitude as those usually ascribed to the Bar- 
croft and Haldane methods. The difference between the clear 
rectangle (A) and the cross-hatched rectangle (C) indicates the sum 
of the errors introduced by the manipulations which preceded the 
analyses. Although these errors are only estimated, we believe the 
estimates are approximately correct. 

By improvements in apparatus and procedure for blood gas 
determinations (Van Slyke and Stadie, 1921), it is now possible to 
obtain consistently duplicate carbon dioxide readings with an 
average variation from the mean of + 0.1 volume per cent or + 
0.05 millimol, a value represented by the small solid black square. 
A more recent improvement? has reduced the maximum variation 
in results by a skilled analyst, to + 0.05 millimol of either CO, 
or oxygen. This variation is of about the same magnitude as that 
entailed in the volumetric measurement of blood in a pipette 
calibrated to deliver 1 cc. of water. 

Variations in chloride estimations may be reduced to + 0.1 
millimol by the application of the method of Austin and Van 
Slyke (1920, 1921) to sufficiently large samples of blood 

The analytical errors having thus been reduced, it remained to 
develop a procedure for preliminary treatment which could be 
reproduced so accurately that two specimens of blood subjected 
to it would not differ in composition from each other, or from their 
common curves, by more than the analytical errors. It is the 
purpose of this paper to present a technique for the preliminary 
treatment of blood which will mect these requirements. 

Table I presents the steps in the procedure of an ordinary 
experiment, and the factors which are active in the production of 
error. 


? The principle of this apparatus was published last year in a preliminary 
note (Van Slyke, 1921, a). The details will appear shortly by Van Slyke and 
Neill in this Journal, 
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TABLE I. 


Factors Involved in Determining Gas and Electrolyte Equilibria in Blood. 


Steps in procedure. 


Sources of error. 


The drawing, preparation, and 
preservation of blood 
The saturation of blood at a 
desired temperature with a 


desired gas mixture............ 


Determination of the exact com- 
position of the gas mixture at 

The delivery of blood from the ton- 
ometer into a receiving vessel... 4 

Separation of serum or plasma... 5 


Preservation of blood, plasma, or 
serum for analysis.............. 


Analyses of blood, plasma, or 


) Hemolysis. 


Formation of non-volatile (lactic?) 
acid, 

\Change of equilibrium conditions 


during separation of gas and 
) liquid phases. 


Change of gas content of blood by 
exposure to air or oil. 


| 

Change of gas content by exposure. 

| Formation of non-volatile acid 

(whole blood only). 
Formation of CO, and consumption 
| of O2 (whole blood only). 

‘ Change of gas content by exposure 
during transfer of sample from 
container to apparatus for 
analysis. 

Uneven mixture of cells in whole 
blood at moment of measuring 


sample. 

Limit of accuracy of methods for 
analysis of gas and_ liquid 
phases. 


Sources of Error. 


1. Hemolysis—Hemolysis changes the distribution of gases 


and electrolytes between cells and plasma. 


We avoided hemolysis 


by careful handling, and by using for most of our animal experi- 
ments horse blood, the cells of which are less fragile than those of 


dog blood. 


In the case of dog blood, we generally used serum in 


place of plasma, when determinations on the cell-free fluid were 


required. 
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2. Formation of Non-Volatile Acid in Blood.—Christiansen, 
Douglas, and Haldane (1914) showed that if defibrinated human 
whole blood is kept at 37° its carbon dioxide capacity falls by as 
much as 2 volumes per cent in a half hour, apparently because 
of the formation of non-volatile acid. Peters, Barr, and Rule 
(1920) observed a similar acid formation in human blood, both 
defibrinated and oxalated, but found that when the blood was 
allowed to stand at room temperature after being drawn it 
showed no significant changes during the Ist hour. 

The formation of acid is confined to the cells, since it does not 
occur in separated plasma. The time of onsct varies in bloods of 
different species. Dog blood has been observed to change measur- 
ably in an hour at room temperature, while horse blood has shown 
no measurable change in several hours. Ina paper which appears 
as this goes to press Evans (1922) suggests that the non-volatile 
acid is formed by glucolysis, since its rate of formation parallels 
that of glucose disappearance. He finds that the acid formation 
is accelerated by loss of CQ, (increase in pH) and is retarded by the 
addition of 0.1 per cent of sodium fluoride. 

Up to the present we have avoided error from acid formation 
by working with horse blood, and by chilling the blood to zero 
whenever any time was allowed to elapse between the withdrawal 
of the blood and its exposure to a gas mixture or between this 
exposure or centrifugalization and analysis. We have also used 
uniform periods for saturation at 38°, so that if acid formation 
should occur it would be relatively constant in different blood 
samples. Asacontrol of this factor, in experiments whichinvolved 
a long series of exposures of samples of a given blood, we have re- 
peated the conditions of the first exposure on the last of the series. 
Even when the chilled horse blood was permitted to stand some 
hours between the first and last exposures, no change was noted. 

53. Formation of COzand Consumption of O2 by Metabolism of W hole 
Blood.—It has been shown by Harrop (1919) that, by this process, 
oxalated normal human blood loses 0.1 to 0.4 volumes per cent 
of oxygen in 6 hours at 38°. In horse blood we have found no 
significant changes at room temperature in an hour, which was the 
maximum time that blood was allowed to stand unchilled between 
withdrawal or saturation and analysis. 


° 
She 


Austin, Cullen, Hastings, et al. 129 


4. Uniform Mixtures of Cells and Plasma.—The necessity of 
obtaining a uniform mixture before samples are taken for either 
analysis or saturation is especially great in horse blood, because 
the cells settle with unusual rapidity. The uniformity of mixture 
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attained by our procedures was controlled by oxygen capacity 
determinations, and the procedures were regulated accordingly. 
The tubes in which blood was kept over mercury (Tube J, Fig. 3), 
for example, were inverted twenty times immediately before a 
sample was withdrawn. 
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Change of Equilibrium Condition During Separation of Gas and 
Liquid Phases.—Changes in temperature or pressure, such as 
may result when the tonometer is removed from the bath, may 
so disturb conditions of gaseous equilibrium existing in the 
tonometer as to render it impossible to obtain results sufficiently 
accurate for the purposes of the problem outlined above. 

In the procedure we have usually used (‘First saturation 
method” outlined below), the gas and liquid phases, in a state 
convenient for analysis, have been separated while the tonometer 
was still in the water bath by a mechanical device which avoided 
changes of temperature and pressure. In a second process, used 
for large amounts (over 30 ec.) of blood, the initial composition of 
the gas phase was fixed with especial care, and the amounts of 
CO. and O, taken from or given to it by the blood during saturation 
were calculated from accurate analyses of the blood before and 
after the saturation. Consequently analysis of the gas phases 
was avoided. 

Collection and Preparation of Blood. (a). For Saturation without 
Previous Analysis.—When blood is to be exposed to known gas 
mixtures prior to all analyses, rigid precautions to avoid changes 
in gas content before exposure are, of course, not required. 
We have, however, avoided gross losses of carbon dioxide, such 
as might possibly cause irreversible changes, by drawing the blood 
under oil in cylinders arranged as described by Van Slyke and 
Cullen (1917, Fig. 1). | 

When  oxalated blood was desired, potassium oxalate of tested 
neutrality was placed in the receiver in the proportion of 0.3 gm. to 
100 ce. of blood. A saturated solution of neutral potassium oxalate 
was spread in a film on the walls of the receiver and dried by an 
air current. The neutrality of the oxalate was tested by the 
addition of phenol red to a diluted sample. Some samples of 
oxalate are alkaline. To such, oxalic acid was added until the 
pH was 7.4. 

When defibrinated blood was required the oxalate was omitted, 
and the blood was defibrinated by stirring under oil with a rod. 
The blood was then filtered under oil through gauze. 

(b). Collection and Centrifugation of Blood for Analysis.—When 
it was necessary to ascertain the gas content of the blood as drawn, 
as well as after exposure to a known gas mixture we either drew it 


. 

4 


Austin, Cullen, Hastings, et al. 131 


under oil by the above procedure, or used the apparatus shown in 
Fig. 3. When small samples (10 to 20 cc.) were drawn under oil, 
the precaution was taken to use rubber and glass tubes (the latter 
Pyrex) of only 2 mm. diameter for the blood to pass through, so 
that it would form a solid column without bubbles. 


The receiving vessel, J, coated inside with oxalate, is connected with 
the mercury bulb M and the 3-way cock H bearing the needle. J and its 
connections up to H are filled with mercury, a few drops of which are wasted 
through F. The needle is then inserted into the blood vessel, and a few 
drops of blood are permitted to escape from F, in order to abolish the 
air-space remaining in the connecting tube. By turning H (with M in the 
lower position shown in Fig. 3) the needle and collecting vessel are directly 
connected and the blood is drawn into the latter. We have used tubes of 
the type J of from 10 to 200 cc. capacity. 

As soon as the blood has been drawn J is inverted a number of times in 
order to insure mixing of the blood and oxalate, a process which is assisted 
by the mercury that remains. The leveling bulb M is kept at the upper 
level, in order to keep positive pressure on the blood sample. 


Sampling Blood.—The cells and plasma are thoroughly mixed 
immediately before sampling by repeatedly inverting J. The 
leveling bulb being in the upper ring, the pipette P is inserted into 
the rubber tube outlet of J, the pinch-cock is opened, K is opened, 
and blood is allowed to flow up into the pipette. 

Centrifugation without Loss of COs.—We have used centrifuge 
tubes of the type L in Fig. 3, similar to that described by Parsons 
(1919). A Pyrex centrifuge tube is fitted with a 1-hole stopper 
with a flange. Mineral oil is placed in the open tube, and the blood 
is allowed to flow under the oil and displace all but the last drops of 
oil from the tube. The stopper is then inserted, forcing out the 
remaining oil through the hole in the rubber. The glass plug 
is inserted in the hole, and the tube is ready for centrifugation. 

After centrifugation the glass plug is removed, and a pipette 
containing oil is inserted in the hole. When the stopper is 
removed the oil flows over the surface of the plasma and prevents 
the escape of CO, during transfer of the plasma to the sampling 
tube J. For the protection needed, mineral oil is adequate, 
since it is in contact with the blood only a short time during which 
the blood is not agitated. 

As an alternative to stoppering the centrifuge tube as above 
described, the surface of the blood may be covered, after most of 
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the mineral oil has been removed, by a layer of melted paraffin 
(melting point 40-45°) which need not exceed 5 mm. in thickness. 
After centrifugation, a little mineral oil is poured over the paraffin. 
A transfer tube or pipette may then be inserted through or along 
side the paraffin to remove the plasma. This technique is useful 
if the amount of blood is too small to fill the centrifuge tube 
completely. 

The effects of variations in treatment on the loss of CO, from 
solutions containing NaHCO; and H.CO; in about the concentra- 
tions found in normal human plasma are illustrated in Table II. 

9. Separation of Plasma from Centrifugated Blood.—The capillary 
tube J (Fig. 3) is connected to J, clamped in position as shown, 
and J and J are completely filled with mereury. The stopper is 
then removed from the centrifuge tube, and the latter is held so 
that the tip of J extends below the protecting layer of oil. With 
M at the lower level, K is opened and the plasma withdrawn into 
J. The pinch-cock is then placed in position on the outlet tube of 
J, 1 isremoved, and M placed in its upper support. Samples for 
analysis are withdrawn as described above. 

10. Preparation of Mercury and Apparatus Used for Collecting and 
Centrifugating Blood.—Commercial ‘‘redistilled’’? mercury before 
it was used was washed by falling from a capillary through a 1 
meter column of 10 per cent nitric acid, and then through columns 
of distilled water. After contact with blood or serum, mercury 
was washed twice by shaking with distilled water, and was then 
passed through the nitric acid and water towers. Before use it 
was tested for the presence of alkali or acid by shaking a few ce. 
in a test-tube with water containing brom-cresol purple and phenol 
red. Glassware and rubber for use in contact with blood were 
cleaned, thoroughly rinsed with distilled water, and dried by 
drainage and evaporation at room temperature. When rapid 
drying of tonometers was necessary, they were rinsed with alcohol 
and ether of tested neutrality and dried in an air current. 


Saturation. 


We have used two processes to bring blood into equilibrium with 
gas mixtures of known composition. In both of them measured 
volumes of the gases were introduced with the blood into tonom- 


; 


Austin, Cullen, Hastings, et al. 133 
eters, which were then revolved in a water bath at 38° until 
equilibrium was attained. In one process, however, the calculation 
of final gas tensions was based on direct gas analyses, the gas and 
TABLE IL. 
Loss of COz from BHCO;, H2CO3 Solutions during Standing and Centrif- 
ugating. 
Change in pH was used as an index of CO: loss. A 0.03 m NaHCO; 
solution containing phenol red was saturated at 38° with air containing 


CO, at 50 mm. tension. 20 cc. portions of the solution were then trans- 
ferred under oil to centrifuge tubes and treated as outlined. 


No. Initial. | Final. |Change. 


pH pH pH 


1 | An unstoppered 2 cm. (diameter) tube contain- 
ing 10 ce. solution under al em. layer mineral 
oil was allowed to stand for 1$ hrs........... 7.35 | 7.35 | 0.0 


2 | An unstoppered 2 cm. tube containing 10 cc. 
solution under a4.5cm. layer mineral oil was 
allowed to stand for 1} hrs.................. 7.35 | 7.37 |+0.02 


3 | An unstoppered 2.5 cm. tube containing 25 ec. 
solution under a1.5cm. layer mineral oil was 
centrifugated for 1 hr. and then allowed to 


4 | Astoppered 2.5 cm. tube completely filled with 
25 ee. solution, under 27 cc. mineral oil, was 
centrifugated for 1 hr. and then allowed to 


5 | An open 2.5 cm. tube containing 25 cc. solution 
under a 1 em. layer of solid paraffin was cen- 
trifugated for 1 hr. and then allowed to stand 


6 | A stoppered 2.5 cm. tube completely filled with 
50 ee. solution and containing no oil was cen- 
trifugated for 1 hr. and then allowed to stand 


blood being separated at the end of saturation and analyzed 
separately. In the other process, which was usually employed 
when volumes of blood exceeding 30 ce. were used, direct analyses 
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of the gas phase. were not made. The gas mixture was made up 
with especial accuracy, and the changes in its O, and CO, content 
during saturation of the blood were estimated from the amounts of 
these gases given off or taken up by the blood, which was analyzed 
both before and after its exposure to the gas mixture. With this 
procedure, separation of the gas phase in condition for analysis 
after saturation was unnecessary. 

. The oxygen (commercial) used was tested for purity by absorp- 
tion with pyrogallol. The CQ, from a Kipp apparatus, was 
tested by absorption with KOH solution. The hydrogen, some- 
times commercial, sometimes from a Kipp apparatus, was analyzed 
for oxygen by absorption with pyrogallol in a Haldane apparatus. 
Nitrogen (commercial) was analyzed for contaminating oxygen in 
the same manner. When air was introduced it was freed of COz 
by passage through a tower filled with moist sodium hydroxide 
shells’. This treatment reduced the COs content of laboratory 
air to 0.01 per cent orless. In detailthe two procedures for satura- 
tion of the blood were carried out as follows. 

First Saturation Method. Final Tensions Determined by Analysis 
of Gas Phase.—The tonometer used (No. 1, Fig. 3) was a modifica- 
tion of a form introdueed by Fridericia (1920), and consisted of 
a relatively small vessel (5 to 30 cc.); just sufficient to hold the 
blood, connected by a rubber tube of 6 mm. inner diameter to a 
larger vessel (of about 300 ee.). A length of about 3 em. of rubber 
tubing was left between the glass parts. In order to fill the tonom- 
eter with the desired gas mixture, the tonometer was connected 
with the gas manifold at T (Fig. 3), and the air was drawn out 
through FE. When the saturation was to be performed at an 
oxygen tension lower than that of air, nitrogen or hydrogen was 
then twice admitted, withdrawn as completely as possible, and 
readmitted. It was finally again drawn out, this time only until 
the pressure was reduced to about half an atmosphere. From the 
gas burettes through A and C sufficient CO. and Os. were then 
admitted to give the desired tensions of these gases (see Equations 
3 and 5 below). Finally, nitrogen or hydrogen was admitted until 
atmospheric pressure was attained. 

The tonometer was then rotated horizontally in the bath, the 
blood being so distributed between the two chambers that the 
ratio of blood to gas volume was about the same in both. (A 
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rotating rack in the water bath held four tonometers at once.) 
The cock of the tonometer was opened near the surface of the 
water several times at intervals of a few minutes, until no more 
gas bubbles escaped. At each opening the tonometer was held so 
nearly upright that all the blood drained into the lower chamber; 
it was redistributed before the tonometer was clamped back into 
place. 

The time required to attain equilibrium between a gas mixture 
and blood is dependent on the time necessary for the tonometer 
contents to reach bath temperature, on the relation of gas volume 
to liquid surface, on the invasion coefficient of the gas (Bohr, 1905, 
b), and, also, when the gases combine with substances in the blood, 
on the rate of combination. Under the conditions above outlined, 
about 15 minutes sufficed for the production of equilibrium when 
only COs. changes were involved, while 30 to 40 minutes were 
required when the oxygen tension of the blood was greatly reduced 
by the process. 

Because the A of Equation 3 can be estimated only approxi- 
mately, the gas tensions obtained at the end of a single saturation 
can be only approximately predetermined. Since the exact 
final tensions are accurately found by gas analyses, however, 
approximate predetermination of them is usually all that is 
necded (when, for example, data are being obtained for a curve). 

When, however, it was desired to bring the blood gases to an 
exactly predetermined final tension, exposure in the tonometer 
was repeated once; and, when large tension changes were involved, 
twice. After the first exposure the tonometer was held upright 
in the bath until all the blood was in the lower chamber, which 
was then clamped off from the upper. The gas mixture in the 
latter was then drawn out and replaced as deseribed above, with 
a mixture of the exact tension desired. 

When the final saturation was complete, the tonometer was 
held upright in the bathuntil the blood had drained as completely 
as possible into the lower chamber. The latter was next separated 
from the upper chamber by screwing two clamps upon the rubber 
connecting tube. One clamp was attached near each glass part, 
that nearest the lower chamber being screwed down first, to avoid 
the compression of gases over the blood that would resuit if the 
upper clamp were fastened first. The tonometer was then raised 
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so that only the lower chamber remained in the bath, and the 
rubber tube was cut with scissors just below the upper clamp, 
leaving about 2 em. of the tube projecting above the lower. 

Into the upper, gas-containing chamber, about 50 cc. of mercury 
were run under pressure through the 3-way cock. The gas was 
thereby put under positive pressure, which facilitated drawing 
samples into the Haldane apparatus for analysis, and prevented 
the possibility of entrance of atmospheric air by leakage. 

While the separated lower chamber still remained in the bath 
its 3-way cock was connected with a mercury leveling bulb. The 
clamp on the rubber outlet tube was then opened for a few seconds, 
while mercury was run into the chamber from below until the 
blood had risen into the rubber tube and displaced all the gas in 
the chamber. The clamp on the tube was then closed; the 
chamber was taken from the bath, clamped on a ring-stand, and 
removed for analysis of the blood. 

Blood samples for analysis were drawn exactly as from the 
sampling tube described on page 131 (J, Fig. 3). In order to make 
the pipette tip fit tightly into the rubber outlet tube of the cham- 
ber, 1t was usually necessary to encircle the tip with a rubber ring 
cut from a section of tubing. This ring was lubricated with 
vaseline to facilitate fitting it into the rubber tube of the blood 
container. 

Second Saturation Method. Final Tensions Estimated from 
Analyses of the Blood.—In the second method, used for larger 
volumes of blood than the first, a tonometer, modelled like a 
Barcroft gas sampling tube, with a single chamber (No. 2 of Fig. 3) 
of about 800 cc. capacity was employed. The volume of each 
tonometer, determined by weighing the water it held, was etched 
uponit. The gas mixture was made in the tonometer, as described 
in the first method, by admitting measured volumes of oxygen and 
COz, calculated by Equations 3 and 5 below. The measured 
volume of analyzed blood, usually about 75 ece., was drawn in 
through the lower cock after the significant gases had been 
introduced, and before the pressure was finally adjusted by admis- 
sion of air, hydrogen, or nitrogen. In this case, the final total 
pressure at room temperature was kept 80 mm. below atmospheric 
by admitting the last gas through the mercury pressure regulator 
shown in Fig. 3. Otherwise, since the cocks were not opened 
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during saturation, they were likely to be forced out by the pressure 
which developed as the gases within warmed up in the bath. 
The tonometers were in all cases made of Pyrex glass. 

When it was necessary to know exactly the final tension at 
equilibrium, but not necessary that this tension. be precisely at 
a predetermined point, one saturation was sufficient. The initial 
. gas mixture was prepared according to Equations 3 and 5 below, to 
give approximately a desired final tension, and the exact final 
tension was calculated after analysis of the saturated blood by 
Equation 4, 

When, however, the plan of the experiment made it desirable 
to fix the final tension of COz or Os, or both, at exact, predetermined 
points, either two or three successive saturations were performed 
on the same blood in different tonometers. The tension for the 
first saturation was calculated according to Equation 3, while 
for the second and third, the gases were measured into the tonom- 
eters in such proportions as to produce the exact tension desired. 
The total number of saturations was two, if the tension change 
in the blood was slight, such as the change from 45 to 40 mm. of 
CO, tension; while three equilibrations were used if the change was 
larger, as when blood at 40 mm. was changed to 20 or 60. Analy- 
ses of the blood were performed after each of the last two satura- 
tions. Usually both results were identical. If there was a 
difference, the slight effect on the final tension was calculated by 
Equation 4. 

Transfer of Blood from Tonometer to Tonometer in Second 
Saturation Method.—The receiving tonometer was evacuated, 
and the desired amounts of CO. and Oz were run in, together with 
enough inert gas (He or N2) to make about half an atmosphere of 
pressure. The two tonometers were connected below by a eapil- 
lary U-tube, the delivering tonometer having been wrapped in 
a towel wet with water at 38° as soon as it was removed from the 
bath. The upper cock of the delivering tonometer was opened and 
the connecting tube was filled with blood by manipulation of the 
lower cocks. Then all but afew drops of the blood was drawn 
over into the receiving tonometer. Sufficient inert gas was 
finally admitted to raise the pressure to B—80 mm. 

Transfer of Llood from Tonometer to Final Container in Second 
Saturation Method.—One 38-way cock of the tonometer was lifted 
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from the bath and connected with the mercury-filled receiving 
tube (J, Fig. 3), and the connections were filled with mercury. 
The tonometer was then inverted and placed upright in the bath, 
with the mercury-filled receiving vessel below and the upper end 
projecting from the bath. The upper cock was opened to the 
air, and the blood was drawn down into the receiving tube. In 
some instances the exchange was quickly performed outside the 
bath, the tonometer having been wrapped with a towel before 
removal from the water. 


Calculations. 
The formulas used in the calculations were developed as follows: 


Let Py = final tension in mm. of mercury, of a specified gas (CO, or O,) in 
tonometer at end of saturation. 

ps = initial tension of the specified gas in tonometer at the beginning 

of saturation. 

A = increase in total (free and combined) millimolecular concentra- 
tion of the specified gas in the blood caused by changing the 
blood from its original state to that at the end of saturation. 
(A is negative if the concentration of the gas in the blood 
decreases during the saturation.) 

Tin = absolute temperature of tonometer during saturation. 

Tourette = absolute temperature of burette from which gas is measured into 
tonometer. 

Vin = ec. total volume content of tonometer. 

Vouretetee = cc. volume of the specified gas measured over water in the 
burette, at barometric pressure and T7'jure:te, Which must be 
transferred to the tonometer to give therein p; tension of the 
gas at Tm. 

Vs: = ec. volume of blood in tonometer during saturation. 

Vin-Ver = ec. volume of gas space in tonometer during saturation, 

B = barometric pressure in mm, of mercury. 

W = vapor tension of water in mm, of mercury. 


If we place the volume of CO, or Oz, absorbed by the blood, 
equal to the volume lost by the gas phase to the blood during 
saturation, we obtain an equation from which may be calculated 
the initial tension necessary to secure a given final tension or 
the final tension resulting from a given initial one. 

The number of ec. of CO. or Os, reduced to 0°, 760 mm., 
absorbed by the blood during saturation is equal to the product 
of the total ec. of blood times the volume of gas absorbed by each 


. 
| 
i 
Py 
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ec. This product is V,, & 9.02244. (The factor 0.0224 is the 
number of ec. of gas, reduced to 0°, 760 mm., contained in 1 ee. 
of a millimolecular solution of the gas. Consequently 0.0224A is 
the volume of gas, reduced to 0°, 760 mm., absorbed by each ce. of 
blood. The equations may be transformed into terms of volumes 
per cent of gas by substituting 0.01 for 0.0224.) 

The total initial volume of the specified gas, reduced to 0°, 760 


.. in the gas space of the tonometer Vin — J —— et 

mm., i gas space eter is (V, 

and the final volume of the gas, at 0°, 760 mm., is (Vz, — V3) 


760 T° The volume of gas, at 0°, 760 mm., lost from the gas 


phase to the blood during saturation is the difference between the 


py 273 
two, or (Vin Vea) 


sions equal to each other we have 


Placing the above two expres- 


4 r Py 273 
0.022: AV,, = (V;, — Vaz) 
Volume of Volume of O, or CO, (1) 
O. or CO, lost by gas phase. 
gainel by 
bloo«. 


In order to find the CO, tension, p; in the tonometer with which 
we must begin saturation to reach the desired final tension p; we 
solve Equation 1 for p; and obtain Equation 2. 


Vol 
-= p,-+{ 760 X 0.02244 — 2 
( 273 Vin — Vou 


When the numerical constants are combined this becomes 


AT in Vor 
D; = py + 0.0624 = 


= ppt+194A Vor when 7’, =311° = 38°C. (3) 
Vin 
Similarly if we fix the initial tension, p;, and measure the change A 
in gas content of the blood, we can estimate the exact final ten- 
sion of the specific gas at the end of equilibration as 
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AT, Viz 
Py = p; — 0.0624 ——™ 
Vin Vos 
= p;— 1944 ——" _ when T,, = 311° = 38°C. (4) 
Vin — Von 


For calculation of the volume V;,,,,.4. of gas which must be 
measured in the burette (Fig. 3) at atmospheric pressure and 
transferred to the tonometer to give therein the initial tension 
p;, we have used Equation 5, which is developed by placing equal 
to each other the expressions indicating the volume of gas measured 
in the burette and in the tonometer, respectively, both being 
reduced to 0°, 760 mm. We then have 

> B-W 273 


273 


T, urette 


) 
burette T 


tn 
P; (Vin Vid 
B- W ourette 


(Vin 


(6) 


Solving Equation 5 for p; we obtain in Equation 6 the tension | 
at’ bath temperature given by the gas volume, V,,,,,.4,, measured into 
the tonometer. 


(6) 


= Tin B -Whurette 
urette 


We have found it convenient to use Equation 5 in the second of the 
two forms given above, for the reason that it places in one group | 
the factors p;, T;,, and (V;, — Vy.) which are independent of | 
temporary room conditions and can therefore be calculated in 
advance, while the factors T;,,-4. and (B — Woyreue), Which must 
be determined at the moment of measurement, are placed together 
in @ second group. 

Approximate Estimation of A for Calculation of Initial Tensions of 
First Saturation.—This estimate was made by means of the average 
absorption curve of the kind of blood used. The manner in which 
the estimate was made is shown by an example. In the venous 
blood drawn from the horse used in most of our experiments the 
CO, tension was constantly in the neighborhood of 45 mm. The 


burette 760 tn 
, OF 
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average absorption curve of the animal’s blood showed that 
changing the CQ, tension produced es the following 
changes in CO, content: 


CO: content. A 
mm. 
20 15.0 —6.6 
40 20.5 —1.1 
45 21.6 0.0 
60 23.5 -+1.9 
80 25.2 +3.6 


While the CO, content of the blood as drawn varied at times 
considerably from 21.6 mm., the values of A caused by given 
changes in tension remained fairly constant. 

Exact Determination of A for Calculation of Final Gas Tensions.— 
This determination was made by comparison of the analyses of the 
blood after each of the last two saturations. 


Example: 
Equilibration No. CO: content of blood. A 
mM. mM. 
2 21.6 
—0.4 
3 21.2 


Limits of Error in Determination of Final COz and O2 Tensions. 
1. By Analysis of Gas Phase at End of Saturation (First Method).— 
The analytical error of CO, and O2 determinations by the Haldane 


apparatus is ordinarily about + 0.02 volumes per cent. The 
. 0.02 
tension corresponding to this at 760 mm. and 38° is 100 


(760 — 49) = 0.14 mm. of mercury. It appears probable that 
the error of estimating gas tensions produced by the “First satu- 
ration method” may be kept below 0.2 mm., since errors are 
practically excluded in separating the gas phase for analysis. 
As a matter of fact, results shortly to be published indicate that 
this degree of accuracy can be obtained quite consistently. 

2. By Analysis of Blood Before and After Saturation with Known 
Gas Mixtures (Second Method).—The final tension is determined 
by Equation 4, which for 38° is 


— 
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Pr = +1944 
Vi» = bl 


In determining the possible error in calculating p,, we estimate 
and add the maximum errors in the experimental determinations 


V, 
respectively, the latter 
bl 

value representing the correction which must be applied to p; as 
the result of the loss or gain of significant gas by the blood during 


saturation. 
p; is determined by the amount of gas measured into the 


tonometer. From Equation 5 we have pj = 7 — 7 x 


of p; and of the value 19.4 A 


B-W urette 
( burette) T,, 


At the usual conditions, viz. Tyree = 20° + 273, T,, = 38° 
+ 273, B = 760, B — W = 743, V,, = 800, V4. = 75, we have p; = 
Vouwrete 1.17. 1 ee. of gas, measured in the burette (Fig. 3), 
therefore corresponds to a tension of about 1.2 mm. of mercury 
in the tonometer. The gas can be measured with an error not 
exceeding 0.10 ec., so that p; can be fixed within about 0.10 x 
1.2 = 0.12 mm. by measurement. The errors in the other factors, 


burette 


T 
vz. (Vi, — Vir), (B — W), and ——— are relatively so small as to 
tn 
be negligible. 
The error in determining the value of the term 19.4 A 


Von 


Vin 
blood occupied about one-tenth as much space as the gases in 


may be estimated as follows: In our experiments the 


V 
the tonometer, 0.1. Substituting 0.1 for the factor 
tn bl 


v. ~* V, in Equation 4, for 38°, we have p; = p; — 1.94.4. That 
is, a change of 1 mM.in the value of A for COs or Oy causes a 
change of about 1.9 mm. in the tension of the gas at 38°. The 
analytical error of our blood gas determinations is about + 0.05 
mM.; and Arepresents the difference between two determinations, 
so that its possible error would be twice as great, or + 0.1 mM. 


, 
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The latter would cause an error of 1.9 * 0.1, or about 0.19 mm. 
Vin 

Vi, Vor 

The total error in the determination of the final tension in the 

manner indicated by the equation p; = p; + 19.4 A 7 Vu y,,¥e 
bl 

therefore estimate as approximately 0.12 + 0.19 = 0.3 mm. of 
O. or CO, tension. This is of the same order of magnitude as the 
error involved in estimating the final tension by analysis of the 
tonometer gas, discussed above. 

The error in the calculation from A may be reduced in either of 
twoways. (1) Since the error is chiefly due to the factors involved 
Von 


Vin Von 


in the calculation of the value, 1.94 A 


in the term A ,1t may be reduced by reducing V,,, the 


Vin 


volume of blood used, and therefore the factor y 
TABLE III. 


tension calculated from 
Sample. volume of CO2 measured 
into tonometer. 


CO2 tension calculated from 
analysis of tonometer gas. 


mm. Hg mm. Hg 
1 24.42 24.35 
2 25.23 25.01 


(2) When the final tension has been estimated by Equation 4, the 
blood may be saturated once more, at exactly this tension. The 
error is thereby practically reduced to that involved in fixing 
p;, Which is only 0.1 mm. of tension. This procedure has been 
followed when maximum accuracy has been required in the 
saturation of large volumes (50 — 100 ec.) of blood. 

The following experiment indicates that with the apparatus 
used the two methods for fixing initial tensions agree within their 
limits of error: 


Into two tonometers, in which the pressure had been reduced to about 
60 mm., measured amounts of CO, were introduced from burette A (Fig. 3). 
Air was admitted until the pressure in the tonometers was brought to 
atmospheric. Samples of the gas mixture were then displaced from the 
tonometers into a Haldane air analysis apparatus and analyzed for CO». 
CO, tensions calculated from the volume of CO, introduced (Equation 5) 
and the tensions calculated from the results of the gas analyses, respec- 
tively, are shown in Table III. 
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That the final tension can be set with a similar degree of accuracy 
is indicated by the constancy of the final CO. contents obtained 
in the accompanying second paper of the series. In the horse 
blood used a deviation of 0.7 volume per cent or 0.3 mM. in CO, 
content corresponds to a deviation of 1 mm. in CO. tension. 


Formulas for Calculating pH, |H*], peo,, (BHCO,], and [H2CO3] 
from Data Usually Obtained by Direct Determination. 


We have used certain rearrangements of Henderson’s and 
Hasselbalch’s equations so frequently that it appears desirable, 


TABLE V. 


Values of Constants for Formulas of Table IV. 


| a 0.0587a | 0.13164 | K’ pK’ 
0.555* | 0.0326 | 0.0730. i 
Serum or plasma.........| 0.541* | 0.0318 | 0.0712) 7.2 X 1078; 6.14t 
| 6.6072 | 6.5 107-8 | 6.18t 
12 per cent§$ hemoglobin | 
+ 30mm. NaHiCOs. ...) 0.531f | 0.0312 0.0699 | 6.5 1078 | 6.18t 


* Bohr, 1905. 

+ Variable with NalLCO 3 concentration. See Hasselbaleh, 1917. 

t Data to be published. (I<’ and plx’ determined on horse blood.) 

§ Containing hemoglobin sufficient to bind 16 volumes per cent of 


16 
oxygen. Millimolar hemoglobin concentration = 7.15 mM., assum- 


ing that 1 molecule of oxygen combines with 1 molecule of hemoglobin. 


in order to avoid subsequent repetition, to record them here in 
connection with the description of technique. 

The constants are given in terms of millimolecular (mmM.) 
concentration, rather than in volumes per cent of gas, for the 
reason that comparison of concentration changes not only in 
oxygen and carbon dioxide, but also in electrolytes, such as 
chlorides and alkali protein compounds, has been necessary in 
the studies outlined, and a single unit of concentration that can 
be used throughout is desirable. 


| 


146 Blood Saturation with Gas Mixtures 


The following svmbols are used: 


[COs], [BHCOs;], [H2CO;3] = millimolecular concentration of total COs, 
BILCO;, and H.COs;, respectively. 
a = solubility coefficient of CO: at 38°. 
p = tension of CO, in millimeters of mercury. 


K’ = constant by which the ratio [BIUCO,] must be multiplied to give 


Theoretically IX’ = whew K is the dissociation 


eonstant of J1.CO;3, y the fraction of BHCO; dissociated into 
Bt and HCO’; (Hasselbaleh, 1917). 
pk’ = — log K’ (Hasselbaleh, 1917). 
For the constants a, K’, and pl’, the values in Table V have been used. 
In Formula 2 the [BHCQs] is calculated by subtracting from the total 
[(CO.] the [H.CO3;], which is calculated from the COs tension according to 
Formula 1. 


ormula 3 is Henderson’s familiar [H*] = hk [BHCOs] with [FH[.CO; 


and [BHCQO;] calculated according to Formulas 1 and 2. 
Formula 4 is obtained by obvious rearrangement of Formula 3. 
Formula 5 is obtained by solving Formula 3 or 4 for p. 
Formula 6 is obtained by substituting the value of p from Formula 5 
for pin Formula 2. 
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STUDIES OF GAS AND ELECTROLYTE EQUILIBRIA IN 
BLOOD. 


II. THE REVERSIBILITY OF THE EFFECTS OF CHANGES IN CO, 
AND O2 TENSIONS ON THE CO, CONTENT OF 
DEFIBRINATED HORSE BLOOD. 


By JOHN P. PETERS, GLENN E. CULLEN, anno J. HAROLD AUSTIN, 
(From the Hospital of The Rockefeller Institute for Medical Research.) 


(Received for publication, July 12, 1922. 


Haggard and Henderson! have stated that when the CO, 
tension of dog blood, either defibrinated or oxalated, has been 
reduced to less than about 20 mm. the blood undergoes an irre- 
versible, or at least not readily reversible, change characterized 
by a diminution of its CO, capacity. When this blood was again 
brought into equilibrium with a gas mixture with a higher CO» 
tension it took up less COs, than before its exposure to the low 
CO, tension. They found this irreversible change more con- 
sistently in defibrinated than in oxalated blood. 

Reversibility of the Effect of Low CO, Tensien.—In order to 
determine whether such an irreversible change oecurred in de- 
fibrinated horse blood the following experiments were carried 
out. Fresh horse blood was defibrinated by stirring under oil 
and was then strained through gauze under oil. The blood 
was divided into two portions. One of these was first exposed 
to a low tension of CO, and then saturated at 60 mm. CO, ten- 
sion. The other was at once saturated at 60 mm. CQO, tension. 
The COz contents of the two were then compared. The ‘‘second 
saturation method”’ described in the first paper of these studies 
was used.2. The blood gases were determined by the blood gas 
apparatus described by Van Slyke and Stadie,? as the constant 
volume apparatus was not yet in use. 


' Haggard, H. W., and Henderson, Y., J. Biol. Chem., 1920-21, xlv, 209. 
2 Austin, J. H., Cullen, G. E., Hastings, A. B., McLean, F. C., Peters, 
J. P., and Van Slyke, D. D., J. Biol. Chem., 1922, liv, 121. 
5 Van Slyke, D. D., and Stadie, W. C., J. Biol. Chem., 1921, xlix, 1. 
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The first portion was exposed at 38° in a tonometer which had 
been filled with air free from COs. The final CO. tension in this 
tonometer, due to COQ. evolved from the blood, was caleulated 
to be 15 + 2mm. This tension was further confirmed by the 
location of the CO. content of the blood from this tonometer on 
the CQs absorption curve of the blood. The blood was then 
passed through a series of three tonometers at 38°. Into the 
first was introduced enough COs, to produce a COs, tension of 
60 mm. at 38° after allowance had been made for the CO. which 
would be taken up by the blood. Into the two succeeding tonom- 
eters was introduced the exact amount of CO, required to give 
a tension of 60 mm., assuming no further removal of CO, by the 
blood. The blood was analyzed for CO, after exposure in each 
of the last two tonomcters. 

The second portion of blood was also passed through a scries 
of four tonometers at 38° for the same periods of time. Into each 
of these tonometers was introduced the amount ‘of COz2 required 
to give a tension of 60 mm. at 38°. (The CQO, placed in the first 
tonometer was corrected for the CO, which it was estimated 
the blood would absorb.) The blood from the last two tonometers 
was analyzed for COs. | 

‘The above experiment was duplicated on a different sample 
of blood from the same horse. The results of the two experi- 
ments are given in Tables I and II. 

Reversibility of the Effect of Low Oxygen Tension.—Blood was 
withdrawn under albolene from the jugular vein of a horse, de- 
fibrinated by gentle stirring with a glass rod, and filtered through 
gauze, under a layer of albolene. It was divided into two por-— 
tions (Nos. 1 and 2) of 50 ce. each. One of these (No. 2) was 
exposed in a tonometer at 38°C. to 40 mm. of CO, in commercial 
nitrogen (No. 2 a), and then transferred to a second tonometer 
and exposed to a mixture of 40 mm. of COs and 13 mm. of oxy- 
gen in commercial nitrogen. A sample was then removed and 
analyzed for COs. and oxygen (No. 2 b). The remainder was 
transferred successively to three more tonometers (Nos. 2 ¢, 2d, 
and 2 e) in each of which it was exposed to 40 mm. of CO, in 
air. (In making up the gas mixtures in tonometers 2 a and 2 ¢ 
an allowance was made for the change of CO. and oxygen con- 
tent in the blood.) Samples were removed from Nos. 2 d and 2 e 
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The amount of CO. in both was identical, 


demonstrating that complete gaseous equilibrium had_ been 


established. 


TABLE I . 


Saturation. 


Exposed to low CO» tension. 


Not exposed to low CO,» tension. 


CO: tension. content. tension. CO: content. 
mm. vol. per cent mm. vol. per cent 
60* 60 
* Approximate. 
TABLE II. 
Expored to low CO: tension. |Not exposed to low CO: tension. 
Saturation. 
CO, tension. content. CO: tension. CO: content. 
mm. vol. per cent mm, vol. per cent 
* Approximate. 
TABLE III. 
N T 
No reatment of blood. comiaat O2 content. 
vol. per centivol. per cent 
le I’xposed in four successive tonometers to 40 
mm. of CQOzg in air. 48.3 14.8 
2b Exposed in two successive tonometers to 40 
mm. of COg and 13 mm. of Ons. §3 .7 §.1 
- e Same blood exposed in two more successive 
tonometers to 40 mm. of COs in air. 48.1 14.8 


Meanwhile the other specimen (No. 1) had been passed through 
the same number of tonometers, in each of which it had been 


exposed to 40 mm. of CQsz in air. 


Analysis of the last specimen 


(No. 1 ec) for CO, and Oz gave results identical with those obtained 
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from specimen No. 2 e, which had first been exposed to CO, in 
nitrogen. Similar results have been obtained in other experiments. 

It is evident from these experiments that the reduction of the 
CO, tension of defibrinated horse blood to as little as 15 mm. 
produces no irreversible change in the carbon dioxide capacity 
of the blood. There appears to be no doubt of the reversibility 
of the reactions between 15 and 60 mm. of CQ. tension. It seems 
likely, as Evans‘ suggests, that the irreversible fall in CO2 capacity, 
observed by Haggard and Henderson! was due to the formation 
of acid in the blood. This acid formation is very rapid in dog 
blood? and is accelerated, according to Evans, by reduction of 
CO, tension (increase of pH). 

Our results further indicate that the effect of reduced oxy- 
gen tension on the COz capacity of blood is entirely reversible. 


4Evans. C. L., J. Physiol., 1922. lvi, 146. 
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A SYSTEM OF BLOOD ANALYSIS. 
SUPPLEMENT IY. 
A REVISION OF THE METHOD FOR DETERMINING URIC ACID. 


By OTTO FOLIN. 
(From the Biochemical Laboratory of Harvard Medical School, Boston.) 


(Received for publication, July 25, 1922.) 


Protein Precipitation versus Loss of Uric Acid. 


In two recent papers Pucher! reports that only 75 per cent of 
the uric acid added to sheep blood is recovered in the tungstic 
acid blood filtrate prepared according to the directions of Folin 
and Wu. By using an alternative process, described but not 
recommended by Folin and Wu, Pucher’s recovery of uric acid 
rose to 93 per cent. The alternative process consists of heating 
the blood paste, obtained in the regular process of precipitation, 
in boiling water for a few minutes before filtering. 

It is scarcely necessary to go into a full discussion of the objec- 
tions to the heat process for securing protein-free blood filtrates; 
for all will doubtless agree that if it is not essential it is better not 
to use it. Neither creatinine nor the amino-acid nitrogen can be 
correctly determined in heated blood filtrates. Such filtrates also 
contain more of the material (other than uric acid) capable of 
yielding a color with the uric acid reagent. 

In the original paper on the tungstie acid method for precipi- 
tating the blood proteins it is stated that 10 or even 20 mg. of 
added uric acid are quantitatively recovered from the blood 
filtrates obtained in that process. That statement was based on 
careful check work made by Dr. Wu and myself, both together 
and separately. I had, therefore, little reason to believe that the 
losses reported by Pucher could represent anything but some 
unsuitable condition present in his experiments. The sodium 


1 Pucher, G. W., J. Biol. Chem., 1922, lii, 317, 329. 
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tungstate which he used might not have been the true ortho- 
tungstate, or he might not have used proper precautions in the 
final step, the addition of the sulfuric acid. Pucher states, to be 
sure, that he carefully followed the directions given by Folin and 
Wu in the making of his precipitations. But from the description 
given in his second paper (p. 332) it would appear that he has paid 
little or no attention to one important point; namely, the shaking 
of the diluted blood tungstate mixture while adding the sulfuric 
acid. The subsequent vigorous shaking, which he emphasizes, 
cannot liberate adsorbed or occluded uric acid. I must admit in 
the light of my present experience that Folin and Wu did not ade- 
quately emphasize the importance of constant shaking while the 
sulfuric acid is added; but it is obvious that unless this is attended 
to, local zones of excessive acidity will be produced. Such 
temporary excess of acid, particularly if the tungstate is not the 
best, may be more disastrous than is the addition of too much acid 
at the finish. 

Notwithstanding my certainty that added urie acid had been 
quantitatively recovered by Wu and myself, it seemed best to 
repeat the work. In this check work I have encountered some 
surprising results. Different samples of sheep blood exhibit 
great differences in their tendency to retain added uric acid in the 
precipitated proteins. The same blood when kept 5 to 6 days in 
a cold room (4°C.) does not remain stationary in its tendency to 
hold back added uric acid. It will usually lose this tendency on 
standing, but in at least one sample of sheep blood from which I 
recovered 97 per cent when fresh I could get only 92 per cent re- 
covery 5 days later. I have examined twenty-two different 
samples of sheep blood, and three samples of calf blood. From 
each of the latter I reeovered 93 per cent, when 10 mg. were added. 

On the basis of the numerous experiments which I have now 
made I am no longer prepared to say that 95 to 100 per cent 
recovery of added uric acid is always attainable. Our earlier 
findings on this point must be due to the fact that we happened to 
deal with samples of blood that did not possess any great tendency 
to retain uric acid. The behavior of different samples of sheep 
blood with respect to their ability to retain uric acid is quite 
extraordinary. With some samples there is absolutely no _ loss, 
while with others I have not been able so to make the precipitation 
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at the ordinary 1 in 10 dilution as to be sure of more than 90 per 
cent recovery. The heat process recommended by Pucher is also 
quite inadequate; with some bloods it gives lower values than are 
obtained without heating. The maximum recovery (from 90 to 
100 per cent, depending on the sample of blood), is obtained as 
follows: 

After the blocd has been diluted with 7 volumes of water and 
1 volume of 10 per cent sodium tungstate, add very slowly (drop 
by drop) with constant shaking four-fifths of the required % N 
sulfuric acid—that is 4 ec. for 5 ec. of blood, or 8 ec. for 10 ce. of 
blood—-and let the mixture stand for 20 to 30 minutes before 
adding the remaining one-fifth of the sulfurie acid. The last 
portion of acid must also be added drop by drop with continuous 
shaking. 

The extra loss which may be encountered by adding all the 
required sulfuric acid at once, if the addition is made slowly and 
with shaking, is only about 3 per cent. 

That losses of 8 to 10 per cent of uric acid may occur during 
the precipitation of the proteins from whole blood must be ac- 
cepted for the present. I must have made at least 200 experiments 
trying to recover the last 8 to 10 per cent of the added 10 mg. of 
uric acid from bloods which showed a strong tendency to retain it. 
The problem is intrinsically interesting, because different bloods 
behave so differently. Practically it is of comparatively little 
importance. When very much uric acid is present, as in nephritic 
retentions, it is advantageous to make the protein precipitation at 
a dilution of 1 in 20, instead of the customary 1 in 10, and at this 
higher degree of dilution the urie acid, up to at least 20 mg., is 
quantitatively recovered. When working with plasma there is 
no retention or loss of uric acid. 

For the investigation of the extent to which urie acid added to 
sheep blood goes into the filtrate I have used the direct determina- 
tion described on page 167. All possibility of error due to un- 
known constituents of the blood was eliminated by adding to the 
standard uric acid solution the same quantity of the sheep blood 
filtrate as was used for the determination. The filtrate added to 
the standard was prepared from the same blood, but contained no 
added uric acid. 
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The Preparation of Standard Uric Acid Solutions. 


The determination of uric acid described? in the “System of 
blood analysis’? was adapted to the use of a new standard solution 
of uric acid—the sulfite standard. It was thought that the finding 
of this very stable standard would more than make up for the 
fact that the intensifying effects of the cyanide on the color ob- 
tained had to be sacrificed. I have had several lots of the sulfite 
standard keep for more than 2 years, although reports received 
from different laboratories show that such keeping quality ts by 
no means always obtained. Results reported by Pucher indicate 
that bacterial decompositon may come in, a possibility which we 
had omitted to provide for, because it was thought that 10 per cent 
sodium sulfite would prove an adequate preservative. The addi- 
tion of preservatives, such as chloroform or toluene, to standard 
solutions is not entirely satisfactory, because pipettes never run 
clean with such solutions. It is not worth while to discuss 
how to insure the keeping quality of the sulfite standard because 
from recent publications (Morris, Palmer, Benedict) it is clear 
that many workers will not forego the advantages of the cyanide 
for the sake of a permanent uric acid standard. To clinical 
laboratories the keeping quality of standard solutions is of much 
greater importance than the investigators mentioned scem to 
realize, and if I in this paper discard the sulfite standard, it is 
only because I believe that I have found another, even more 
dependable solution of uric acid, which is free from the objections 
raised against the sulfite solution. 

The standard solution of urie acid described below is not new; 
it was used in this laboratory 10 years ago and was described 
in 1913.2 The uric acid-preserving factor is formaldehyde. 
Formaldehyde forms very soluble addition products with uric 
acid. These addition products are not decomposed when the 
solutions are acidified. I once kept such a solution on a warm 
radiator for 3 months and could detect no change. No other 
kind of uric acid solution could withstand such treatment, and it 
was thought that a really permanent standard solution of uric 
acid had been found. At a later period when I started to use the 


2 Folin, O., and Wu, H., J. Biol. Chem., 1919, xxxviii, 100. 
3 Folin, O., and Denis, W., J. Biol. Chem., 1913, xiv, 96. 
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standard it was nevertheless found to have changed. It gave 
more color than it did when originally standardized. 

At that time we were more interested in other problems, and the 
enuse of the change in the uric acid solutions was never investi- 
gated; the standard was simply abandoned. In making use of 
these formaldehyde solutions of uric acid we had adapted the 
formaldehyde standard to the uric acid method, as it was then 
employed, and neglected to investigate the behavior of the 
standard when diluted with water. From 5 mg. of uric acid we 
obtained only as much color as is given by 1 mg. of free uric acid, 
and accurate results were obtained only because the reaction was 
always made in exactly the same way. In 1915 the formaldehyde 
standard was investigated and condemned by 8. R. Benedict.‘ 
Like ourselves, Benedict found that the formaldehyde-urie acid 
solutions suffered no deterioration on standing, but he also found 
that the color obtained was too uncertain to permit its use as a 
standard. Benedict, like ourselves, omitted to study the 
formaldehyde-uric acid solutions in any great detail und the 
intrinsic merits of these solutions have thus remained undiscovered. 

Sinee the urie acid-formaldehyde combinations dissociate into 
their component parts on diluting with water, it occurred to me 
that the solutions had never been used to the best advantage. If 
it should be feasible by suitable dilution to accomplish the com- 
plete dissociation of the formaldehyde-urie acid compounds so that 
all of the urie acid present would react with the uric acid reagent, 
then we should have removed the sources of uncertainty attached 
to the solutions as originally employed; yet would retain the 
remarkable keeping quality accomplished by means of formalde- 
hyde. The intensifying effects of the cyanide would be retained. 
Formaldehyde, unlike the sulfite, does not counteract the ‘driving 
power” of the cyanide. 

It was soon found that the degree of dilution required to set 
free all the uric acid comes well within the dilutions now used for 
standard uric acid solutions in connection with uric acid deter- 
minations in urine, and for urie acid determinations in blood the 
standard solutions are still weaker, so that this aspect of the 
problem was easily solved. Uric acid can, however, form several 
addition products with formaldehyde. Some of the addition 


4 Benedict, S. R., and Hitchcock, E. H., J. Biol. Chem., 1915, xx, 621. 
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products may not be so readily dissociated by dilution with water, 
and the possibility remained that on very long standing (for 
months or years) less readily dissociated compounds might be 
formed. The speed and the extent to which such compounds may 
be formed will necessarily depend on the concentration of the 
formaldehyde present in the solutions. For practical purposes it 
is therefore necessary to find out the concentrations of formal- 
dehyde which are best suited for the preparation of the standard 
uric acid solutions. The solvent effects of formaldehyde on uric 
acid are exceedingly strong; by the aid of heat a 40 per cent solu- 
tion of uric acid can be prepared with the help of ordinary un- 
diluted (40 per cent) formaldehyde. The germicidal propertics 
of formaldehyde are also very pronounced. 1 part of 40 per cent 
formaldehyde in 1,000 parts of bouillon is said to prevent the 
development of putrefactive bacteria. ‘There should, therefore, be 
no difhieulty about preparing stock solutions of uric acid so weak 
in formaldehyde that no unduly stable compounds with the 
formaldehyde are produced on long standing. 

On the other hand, from the standpoint of possible chemical 
decomposition of the uric acid, it should be advantageous to use 
the largest permissible excess of formaldehyde, because in as far 
as there is chemical decomposition of uric acid this will occur at 
the expense of the dissociated material, and the greater the con- 
centration of formaldehyde the less free, or reactive uric acid will 
be present. 

On the Ist of March I prepared a series of solutions containing 
25, 50, 100, and 200 ec., respectively, of 40 per cent formaldehyde. 
All contained 1 mg. of uric acid per cubie centimeter except the 
last, which contained 2 mg. per cubie centimeter. The solutions 
were kept in the dark and in small tightly corked bottles. At 
the end of 3 months 10 cc. samples from each lot were diluted to a 
uric acid concentration of 1 mg. per 10 ce. and the reactive uric 
acid was immediately determined by comparison with a freshly 
prepared solution of uric acid. The following colorimetric 
readings were obtained: 


ce. 
40 percent formaldehyde perliter.| Standard. | 25 50 
Colorimetric reading............. 20 20 | 20.5 


a, 

z 

| 100 200 

| 21.7 22.5 
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The solutions were then further diluted to a concentration of 1 mg. 
of urie acid for 250 ee. (the concentration used in blood analysis) 
and the colorimetric determinations were made immediately 
according to the process described on page 167. The colorimetric 
readings obtained were nearly identical with those recorded above. 
45 minutes later the determinations were repeated. This time 
all the dilute solutions gave the same color value as the standard. 

Similar series of determinations were made at the end of 4 
months. The values obtained were substantially identical with 
the corresponding values obtained a month before. I'rom these 
data it seems safe to draw the following conclusions: 

1. No permanently undissociable compounds are formed between 
urie acid and formaldehyde. 

2. In the presence of more than 50 ec. of 40 per cent formal- 
dehyde per liter, appreciable amounts of addition products 
between uric acid and formaldehyde are formed—products which 
are not completely dissociated when the solutions are diluted ten 
times, that is, to the uric acid concentration represented in the 
standard urie acid solutions usually employed in urine analysis. 

3. At the much greater dilution corresponding to that of the 
standard in blood analysis all the urie acid-formaldehyde com- 
pounds are completely dissociated within 45 minutes. 

4. The uric acid remains quantitatively intaet in formaldehyde 
solutions. 

5. Uric acid solutions made with the help of 25 to 50 ce. of for- 
maldehyde per liter are all serviceable for standard solutions. 

The solution deseribed by Folin and Denis in 1913 contained 
40 ee. of formaldehyde per liter. On the whole it is, perhaps, 
safest to recommend the use of 25 ee. of formaldehyde since there 
appears to be no danger of cither chemical or bacterial decompo- 
sition in such solutions; but it is obvious that there is room for 
very wide variations, not only with reference to the formaldehyde 
content but also in the acid content of these solutions. 

The directions given below are made specific only in the interest 
of those who have not the time to try out other variations. 

Transfer exactly 1 gm. of uric acid to a funnel on a 300 ce. 
flask. Transfer from 0.45 to 0.5 gm. of lithium carbonate to a 
300 ee. beaker, add 150 ee. of water, and heat to 60° C., shaking or 
stirring until all the carbonate has dissolved. With the hot 
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carbonate solution rinse the uric acid into its flask and shake, 
The uric acid dissolves practically at once. As soon as a clear 
solution is obtained, cool under running water, with shaking, 
and transfer to a volumetric liter flask. Rinse and dilute to a 
volume of 400 to 500 ec. Add 25 ec. of 40 per cent formaldehyde, 
and after shaking to insure thorough mixing, acidify by the addi- 
tion of 3 cc. of glacial acetic acid, or equivalent quantities of 
50 or 25 per cent acetic acid. Shake, to remove most of the car- 
bonic acid, dilute to volume, and mix. Fill up to the neck a series 
of small bottles (100 to 150 ce.) with the stock solution, cork very 
tightly, label, and keep in a dark place. 

For actual use the standard stock solution containing 1 mg. per 
ec. is diluted 250 times. For urine analysis a suitable dilution is 
5 ee. in 50 ee., having 1 mg. of uric acid per 10 cc. of solution, 

The keeping quality of the diluted standards is a matter of 
minor importance, but these solutions should keep at least as long 
as any other solutions having the same concentration of uric acid. 
Statements as to how long such solutions will keep cannot be very 
dependable. The keeping quality will depend partly on the tem- 
perature, partly on the degree of cleanliness. In clinical labora- 
tories solutions are more apt to detericrate because of excessive 
bacterial infections. The dilute standard described on page 165 
will keep a long time. 


Colorimetric Uric Acid Determinations. 


The uric acid reagent ef Folin and Denis was deseribed in 1912 
and has been used ever sinee practically without modification and 
by practically all who have made uric acid determinations. The 
reagent is also used in other determinations, such as for the assay 
of adrenalin solutions, and it has proved very serviceable for the 
colorimetric estimation of cystine. In 1920 the reagent was 
subjected to a thorough examination; its active ingredients were 
iscluted and identified by Wu® in the course of his execllent 
survey of the phosphotungstic and phosphomolybdie acids. 

Wu's stimulating paper has been followed by a series of attempts 
to prepare other uric acid reagents. A short time ago there 
appeared, almost simultaneously, descriptions of no less than 


§'Wu, H., J. Biol. Chem., 1920, xiii, 189. 
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four new and different urie acid reagents—all recommended by 
their authors as better, in one respect or another, than the uric 
acid reagent of Folin and Denis. One of these new reagents, that 
of Jackson and Palmer,§ may be described as representing an 
effort to purify, by dialysis, the original reagent of Folin and Denis. 
In two of the new reagents, that of Morris,’ and one of Benedict’s,’ 
arsenic acid is substituted for phosphoric acid, and in the fourth 
(Benedict’s) a part only of the phosphate is replaced by arsenic. 

There are, now therefore, five different uric acid reagents, 
whereas during the past 10 year period all used the same one. 
Nor is there any reason to believe that the list has been exhausted, 
because many other analogous mixtures can undoubtedly be 
prepared. (See, for example, the mixture referred to on page 163.) 
Whatever may be the final outcome of such a multiplicity of similar 
reagents for one specific purpose, the immediate effect will 
necessarily be some uncertainty and confusion—particularly 
among those interested only in the clinical applications of the 
methods for blood analysis. Without entering upon a discussion 
of the relative merits of the different new uric acid reagents, I 
believe that it is well within the truth to say that uric acid in blood 
can be determined as accurately and as conveniently by means of 
the uric acid reagent of Folin and Denis as by any other reagent 
yet deseribed. 

Some reference must necessarily be made to the mixed arsenic- 
tungsten reagent of Benedict, because this mixture is said to 
possess a special selective reaction with uric acid, a selective 
reaction not obtainable with the uric acid reagent of Folin and 
Denis. Because of the extraordinary “specificity” of this 
reagent, Benedict is now able to obtain trustworthy uric acid 
values by applying the color reaction directly to blood filtrates 
without any preliminary isolation of the uric acid. 

If Benedict’s findings and interpretations were correct, this new 
uric acid reagent would naturally and inevitably take the place 
formerly held by the reagent of Folin and Denis. Benedict’s 
technique involves other new conditions besides the use of his uric 
acid reagent. Benedict, Morris, and Palmer have all, seemingly 


6 Jackson, H., Jr., and Palmer, W. W., J. Biol. Chem., 1922, 1, 90. 
7 Morris, J. L., and Macleod, A. G., J. Biol. Chem., 1922, 1, 60. 
8 Benedict, S. R., J. Biol. Chem., 1922, li, 189, 190. 
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independently, discovered the interesting fact that by omitting 
the addition of any other aikali than sodium cyanide the intensity 
of the color obtained from a given quantity of uric acid is very 
much increased, above that obtained with cyanide plus carbonate. 
Benedict has made the additional important discovery that by 
the application of heat (water bath) the color obtained is again 
greatly intensified. By the combination of the right amount of 
evanide as the only alkali, and heat, Benedict has obtained so 
much color that 5 cc. of bloed filtrate, corresponding to 0.5 ee. of 
normal blood, give all the color needed for an exact colorimetric 
comparison, 

The question raised in my mind was whether the results re- 
ported by Benedict were not to be explained on the basis of these 
new conditions rather than on the use of a more suitable uric acid 
reagent. This conjecture proved correct. The reagent of I olin 
and Denis can be made to yield a color with blood filtrates which 
corresponds very closely to their true urie acid content. To obtain 
such remarkable results one needs only to apply, with certain 
variations, the favorable conditions discovered by Benedict. 

I am not prepared to agree with Benedict that such excellent 
results are due wholly to the specificity of the urie acid reagents. 
On the contrary, [ am quite sure that correct results are obtained 
only by so adjusting the conditions that two sets of errors balance 
ach other. For practical purposes, however, the explanation is 
immaterial so long as dependable results are obtained. 

In order to illustrate the great specificity of his new uric acid 
reagent Benedict cites experiments with resorcinol. . This poly- 
phenol gives very much less color than does an equal amount of 
urie acid, and when the reaction is made on mixtures of resoreinol 
and uric acid, the color obtained is so much less than the sum of 
what the two would give separately that several times as much 
resorcinol as uric acid ean be present before there is any material 
increase in color above that given by the uric acid alone. Bene- 
dict has evidently not made any analogous experiments with the 
uric acid reagent of Folin and Denis, for if he had done so he 
could not have failed to find that his reagent gives several times as 
much color with resorcinol as is obtained with the reagent of 
Folin and Denis. When applied to mixtures of uric acid and 
resorcinol the latter reagent produces less color than is obtained 
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from the uric acid alone. In the presence of five times as much 
resorcinol as urie acid the loss in color amounts to about 10 per 
cent. 

The effect of resorcinol on the uric acid reaction is evidently 
opposite to that produced by cyanide. This effect is of the same 
order with the two uric acid reagents, but in the case of Benedict's 
reagent the loss in color from the urie acid is more than counter- 
balaneed by the color obtained from the resorcinol and the total 
eolor is therefore greater than that given by the uric acid alone. 

By using suitable mixtures of the two reagents (3 volumes of 
the Tolin-Denis reagent to 1 volume of Benedict's) the two effects 
of resorcinol can be made to balance cach ether exactly. With 
0.5 ec. of this mixture plus 1 ee. of 15 per cent sodium cyanide, 
resorcinol, up to ten times the amount of urie acid present, has 
no effect on the color produced. 

While blood filtrates undoubtedly contain traces of resorcinol 
they also contain many other products capable of interfering with 
the reaction by which the urie acid is determined. While working 
with the filtrates from sheep blood I examined this aspect of the 
uric acid determination. Sheep blood usually contains less than 
0.1 mg. of urie acid per 100 ee. Sheep bloods also contain large 
and very variable amounts of products capable of interfering with 
the uric acid reaction. If a truly specifie urie acid reagent were 
available it should be capable of giving the correct value for the 
uric acid added directly to sheep blood filtrates. At one period it 
seemed as though the uric acid reagent of Folin and Denis were 
equal to this situation. Very satisfactory results were obtained 
with two or three samples of sheep blood filtrate. Later, however, 
the elusive character of the results became clear, for when other 
sheep blood filtrates were tried (positive) errors up to 20 or even 
30 per cent were found. Nor did Benedict’s reagent give better 
results. If the direct determination of uric acid in filtrates from 
human blood, whether by Benedict’s reagent or by the reagent of 
Folin and Denis, gives dependable results, it is only because these 
filtrates contain much less of the interfering materials than do 
sheep blood filtrates. This being the ease, it is, I think, quite 
necessary to retain at least for check purposes, the preliminary 
isolation process outlined by Folin and Wu. In the course of my 
efforts to determine directly the uric acid added to sheep blood 
filtrates some interesting and valuable information was gained. 
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It was found that to get the maximum color from a given quan- 
tity of uric acid and the widest range of proportionality for 
different amounts, it 1s necessary to increase the amounts of uric 
acid reagent and of cyanide up to a point where it is very difficult 
to avoid the formation of precipitates. Benedict encountered 
the same difficulty, and to meet it recommends that sodium 
oxalate be substituted for potassium oxalate to prevent the 
clotting of blood. Sodium oxalate dissolves very slowly in 
either cold or hot water. It dissolves only to the extent of about 
3 per cent. Sodium oxalate is, therefore, not very suitable. 
Lithium oxalate is better. This salt has about twice the solu- 
bility of sodium oxalate. 

Lithium oxalate is easily prepared: To 50 gm. of lithium ecarbon- 
ate Ina 2 liter beaker add 85 gm. of oxalie acid. “To the mixture 
add 1 liter of hot water. Stir cautiously. Complete solution is 
obtained practically as soon as the carbonic acid has passed off. 
Evaporate to dryness and powder. 1 mg. of lithium oxalate is 
equivalent to 2 mg. of potassium oxalate, and 1 mg. of lithium 
oxalate per ec. of blood is, therefore, quite enough for the pre- 
vention of clotting. 

Potassium salts are by far the most serious cause of precipitate 
formation in the colorimetrie uric acid determination. But 
sodium salts, particularly in the form of cyanide, are also very 
apt to produce precipitates when present in too large amounts. 
Lithium salts differ from both. Lithium salts, in excess, tend to 
produce precipitates at higher temperatures, while at room 
temperatures they have the opposite effect. They actually 
prevent the formation of sodium or potassium precipitates at 
ordinary room temperatures. I, therefore, recommend the use 
of lithium oxalate to prevent the clotting of blood and the use of 
some other lithium salt (sulfate, chloride, or citrate) as an 
additional reagent in the making of colorimetric uric acid 
determinations. 

While an excess of lithium oxalate does no harm in connection 
with the uric acid determination, the indiscriminate addition of 
any oxalate (or citrate) to blood to prevent clotting is undesirable, 
because a large excess interferes with the protein precipitation and 
also complicates the urea determination. When much oxalate is 
present the blood filtrate must have an excess of acid added, and 
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this extra acid stays in the filtrate in the form of free oxalic acid. 
Lithium oxalate (or potassium oxalate) for the prevention of blood 
clotting is most conveniently used in the form of oxalated paper or 
cloth. The cloth is better than the paper because the latter is 
apt to break up into fibers which clog the blood pipette. 

To prepare oxalated cloth proceed as follows: Cut up about 75 
to 80 gm. of bird’s eye cotton cloth, free from starch, into strips 
about 10 em. wide and 40 to 50 em. long. ‘Transfer 10 gm. of 
lithium earbonate and 17 gm. of oxalic acid to a liter beaker. 
Add 240 ee. of hot water (75° C.). Complete solution is obtained 
in afew seconds. ‘Transfer the warm solution to a plate; pass the 
cotton strips through it, and hang up on a string to dry—exactly 
as in the making of litmus paper. The cloth, when dry, will carry 
about 20 per cent of lithium oxalate. 50 mg. of such cloth will 
easily prevent the clotting of 15 or even 20 ce. of blood. If desired, 
the oxalate content can be doubled by repeating the process. 

The direct determination of uric acid in the blood filtrates from 
the tungstie acid precipitation described below will be found to 
give results which I believe to be dependable when applied to 
human blood. The values obtained are usually 0.1 or 0.2 mg. 
above those obtained by the silver precipitation and sodium 
chloride extraction. 


Solutions. 


1. Diluted urie acid standard containing 0.02 mg. of uric acid 
in 5 ee. 

From the standard uric acid-formaldehyde solution, containing 
1 mg. per ce., transfer, with an Ostwald pipette, 1 ec. to a 250 ce. 
volumetric flask. Half fill the flask with water, and add 10 ce. 
of the % N sulfurie acid used in blood protein precipitation. 
Add also 1 ec. of 40 per cent formaldehyde (but no more) and then 
dilute to volume, mix, and date. 

I hesitate about making any definite statement as to how long 
these diluted solutions will keep. In the course of 5 weeks of 
occasional use of one such solution I have found no deterioration 
whatever. 

2. Urie acid reagent of Folin and Denis. 

3. Lithium sulfate solution. Dissolve 20 gm. of powdered 
lithium sulfate (Baker and Adamson’s) in about 80 ee. of cold 
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water. Dilute to a volume of 100 cc. and filter from the slight 
amount of insoluble matter present. 

4, Approximately 15 per cent solution of sodium cyanide in 
0.1 N sodium hydroxide. 

(Cyanide solutions may be said toimprove with age, and it is 
therefore advisable to prepare enough for at least 3 months use. 
The solid sodium cyanide should be white. Old weathered 
samples of cyanide which have been decomposed by the carbon 
dioxide of air cannot be used. Weigh out on a paper from 100 
to 450 gm. of the cyanide. Transfer to a large beaker, add 6.7 ce. 
of 0.1 N sodium hydroxide for each gram of cyanide taken, stir oc- 
easionally until the whole has dissolved. The solution is opales- 
cent due to the presence of a little insoluble matter. Transfer to 
a bottle, label, and let stand for 2 weeks or longer before using. 

Some explanations are necessary concerning the preparation 
and behavior of sodium cyanide solutions. 

Cvanide solutions turn yellow in the course of time (2 to 
3 weeks). This discoloration is faster in concentrated than in 
dilute solutions. It is prevented by free exposure to the air. 
Aqueous cyanide solutions kept in beakers covered with watch- 
glasses remain colorless. The formation of the brown substance 
(“azulonie acid’’) is also prevented by the addition of a little 
alkali. This decomposition, with discoloration, of the cyanide 
solution is of little or no importance in eonnection with uric acid 
determinations, but it seems best to prevent it since its prevention 
is so easily accomplished. The use of 0.1 N, or even 0.05 N, sodium 
hydroxide instead of water furnishes ample protection against this 
decomposition. 

The important point to be noted about cyanide solutions is not 
the decomposition products formed on standing, so much as the 
presence of impurities in the original material. Practically all 
freshly prepared cyanide solutions contain notable quantities of 
reducing substances, which give a blue color with the uric acid 
reagent. Different brands of sodium cyanide contain different 
amounts of the impurities which yield a blue color. The label, 
or the cost, of a given brand is no criterion whatever as to the 
amount of color obtained from its fresh solutions. The best grades 
of sodium cyanide should nevertheless be used, because of their 
much smaller tendency to produce precipitates. 
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One qualification must be added to the statement made above 
to the effect that the cyanide solutions improve with age. The 
ammoniacal decomposition of the cyanide sooner or later destroys 
its efficiency. Strongly ammoniacal solutions do not yield the 
maximum color and show a greater tendency to produce turbidity. 
The accumulation of ammonia can be retarded by covering the 
container with a beaker instead of stoppering with a cork. The 
ammoniacal solutions can be restored to substantially their origina! 
value by boiling off the ammonia and then diluting to the origina! 
volume. 

The blue color obtained from the cyanide and the uric acid 
reagent alone is much increased by the application of heat, and is 
much greater if heat (water bath) is applied at once than if the 
reaction is allowed to proceed for 2 to 3 minutes at room tempera- 
tures before heating. The reducing impurities in the cyanide 
solutions diminish spontaneously, at first rapidly, then more and 
more slowly, and many weeks must elapse before they are entirely 
gone. In 2 to 3 weeks the impurities have diminished to such an 
extent that practically no color is obtained in the cold, and the 
color produced on heating, after standing for 2 minutes at room 
temperatures, is so small as not to interfere with the uric acid 
determination. 

The test for the blank due to impurities in the cyanide, is made 
as follows: Transfer 5 cc. of water, 2 drops of lithium sulfate 
solution, and 2 ec. of the 15 per cent cyanide solution to a test- 
tube. Add 1 ce. of the uric acid reagent, let stand for 2 minutes. 
The solution should remain colorless. Heat in boiling water for 
1.5 minutes and cool; some color is obtained. To determine 
whether this color does or does not materially affect the uric acid 
values obtained in actual determinations, repeat the test de- 
scribed—with two graduated test-tubes and with standard uric 
acid solution—5 cc. in one, and 3cce. plus 2cc. of water, in the other. 
Dilute to volume after heating and compare the colors. If the 
cyanide is perfectly good, the weaker solution will give the theo- 
retical reading, 33.5 mm., when the stronger is set at 20 mm. 

The Uric Acid Determination.—Half fill a wide liter beaker with 
water and heat to boiling. Transfer 5 ce. of the blood filtrate 
and 2 cc. of water to one test-tube graduated at the 25 cc. mark, 
and transfer 5 cc. of the standard uric acid solution and 2 ce. of 
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f water to another similar test-tube. Add 2 or 3 drops of 20 per cent 
Ss lithium sulfate solution to each. From a burette add 2 ec. of the 
15 per cent sodium cyanide solution. By means of a 5 ee. blood 
i pipette,? or other graduated pipette, add 1 ce. of the uric acid 
reagent of Folin and Denis to each test-tube. Mix, and let stand 
for 2 minutes. At the end of 2 minutes transfer both test-tubes 
: to the boiling water and leave them there for 80 seconds. Cool, 
4 dilute to volume, and make the color comparison in the usual 
manner, not omitting first to read the standard against itself. 
When the standard is set at 20 mm. 20 divided by the reading of 
} ; the unknown, times 4, gives the urie acid content in milligrams 
| per 100 ee. of blood. The proportionality of the color obtained is 
in this case so good, if the cyanide is right, that readings between 
a 10 and 40 mm., covering a range of from 2 to 8 mg., are dependable. 
: It will be noted that the heating period is given in terms of 
; seconds. ‘The reason for this limitation is the greater tendency 
3 to get precipitates from prolonged heating, a tendency which is 
‘ further increased by the evaporation within the tube, whereby a 
faint ring of precipitate is necessarily formed at the surface of 
the liquid. Heating for 60 seconds in boiling water is sufficient 
i to give the maximum color. There is, therefore, no object in 
Pe heating longer than the time prescribed. 

ig It is obvious that the lithium sulfate and the sodium cyanide 
might be combined into one solution. I have refrained from 


F prescribing such a combination because, for a time at least, one 
3 may have to deal with bloods containing added potassium oxalate 
ES as well as those containing lithium oxalate. If much potassium 
. oxalate is present it may be necessary to use 4 drops of lithium 
E sulfate to prevent precipitate formation. 

3 The uric acid values obtained by the direct determination 


described above are often from 0.1 to 0.2 mg. higher than those 
obtained by the help of the silver lactate precipitation. In the 
course of my control determinations by means of silver lactate 
I have found that the original conditions described by Folin and 
Wu are not entirely dependable. Some of the uric acid present 


°5 ee. blood pipettes are very much better than ordinary pipettes, 
graduated in tenths of a ce., for many purposes. 5 and 10 ec. blood 
pipettes, made according to my specifications, can be obtained from the 
Emil Greiner Company, 55 Fulton Street, New York. 
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occasionally fails to go into the silver precipitate. It is, of course, 
essential that no such losses shall occur, especially when the pre- 
cipitation is to be used as a standard control process for checking 
the results of the direct determination. I have therefore revised 
the precipitation process. 

The silver lactate solution should be prepared as follows: Dis- 
solve 100 gm. of silver lactate in about 700 ec. of warm water. 
To 100 ce. of 85 per cent lactic acid add 100 ee. of 10 per cent 
sodium hydroxide. Pour this partly neutralized lactic acid into the 
silver lactate solution, dilute to 1 liter, and set aside to allow the 
sediment, always present, to settle. Use only the clear super- 
natant solution. By thus neutralizing a part of the lactie acid, 
one provides for any excess acidity present in the blood filtrate and 
also for traces of mineral acids which may be present in some 
samples of silver lactate or in the lactic acid. 

lor some reason, the nature of which I do not know, it is neces- 
sary to add a very large excess of silver lactate solution in order 
always to get complete precipitation of the uric acid. The 2 ce. 
prescribed by Folin and Wu are not adequate to secure the quanti- 
tative recovery of uric acid added to sheep blood filtrate. 

It should be stated that the precipitation of uric acid from 
ordinary solutions containing a little sodium chloride is an entirely 
different proposition from that of precipitating the uric acid 
from blood filtrates. It is, in fact, very doubtful whether it is 
possible to get 100 per cent recovery from water solutions when 
the uric acid and the sodium chloride content correspond to the 
concentrations found in blood filtrates. From the artificial 
solutions I get the best recovery (90 to 95 per cent) by adding 
only 1 ee. of the silver lactate, while in the case of the blood filtrate 
100 per cent recovery is obtained by adding 7 cc. of the silver 
reagent. 

To isolate the uric acid from the blood filtrate, transfer from 
2 to 5 ce. (usually 5 cc.) of the latter to a centrifuge tube. With 
a blood pipette, or a small cylinder, add 7 cc. of the silver lactate 
solution. No stirring is necessary or desirable. Let settle for 
1 to 2 minutes, and then centrifuge. All the uric acid, down to 
the last trace, will now be in the precipitate. 

Decant the supernatant solution as completely as possible, 
and add 1 ce. of a 10 per cent solution of sodium chloride in tenth 
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normal hydrochloric acid. Stir thoroughly with a fine glass rod: 
add 4 ec. of water and stir again. Centrifuge. 

Pour the supernatant solution, which need not be perfectly 
clear, into a test-tube graduated at the 25 cc. mark. ‘Transfer 
5 ec. of the standard uric acid solution to another similar test- 
tube. To the contents of each tube add 2 drops of lithium sulfate, 
2 ec. of sodium cyanide, and 1 ec. of the uric acid reagent. Shake 
a moment and let stand for 2 minutes. Then heat for 80 seconds, 
cool, dilute to volume, and make the color comparison and the 
calculation as in the direct method. 

It will be noted that the preliminary dilution of the solution with 
2 ec. of water is omitted in this second process. That extra 
dilution is prescribed in the direct determination only as an 
added precaution against the formation of turbidity during the 
heating process. Personally I seldom add that water because 
I can nearly always avoid precipitate formation without it. 
The addition of the extra water diminishes somewhat the depth of 
the color obtained, but this is of no consequence for the color 
produced under the given conditions is anyhow much deeper than 
the color obtained in any other process. 
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THE COLORIMETRIC ESTIMATION OF CYSTINE IN 
URINE. 


By JOSEPH M. LOONEY. 


(From the Biochemical Laboratories of Harvard Medical School, Boston.) 
(Received for publication, July 25, 1922. 


In this paper I shall describe an application of the method for 
the colorimetric estimation of cystine recently advanced from this 
laboratory! to the quantitative determination of cystine in urine. 
The following procedure was devised to make available a method 
for the study of a series of cases of cystinuria which will be pub- 
lished in another paper. 

The process depends on the fact that cystine reacts with phos- 
photungstie acid in the presence of sodium sulfite to give a deep 
blue color. Cystine alone, without the addition of sodium sulfite, 
does not give any color with the reagent. Urie acid and the other 
urinary constituents which reduce phosphotungstic acid under 
certain conditions, which will be given in detail later, give the same 
color whether sodium sulfite is present or absent. The amount of 
cystine present in urine is estimated by determining the increase 
in color of the specimen after the addition of sodium sulfite. 

In order to determine the effect of sodium sulfite on the color 
produced by uric acid the following experiment was performed: 

1 mg. of uric acid was placed in each of two 100 ce. volumetric 
flasks, and 20 ec. of saturated sodium carbonate were added to 
both. 1 ec. of 20 per cent lithium sulfate was then added to each 
flask to inhibit the formation of a precipitate of thereagent. 10cc. 
of 20 per cent sodium sulfite were added to the first flask and the 
solutions in both flasks were well shaken. 3 cc. of phosphotungstic 
acid were now added to each flask, which were then shaken and 
allowed to stand for 5 minutes, and were then diluted to volume, 
mixed, and read in the colorimeter. 


1 Folin, O., and Looney, J. M., J. Biol. Chem., 1922, li, 427. 
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There was no appreciable difference in the amount of color 
produced. Various repetitions of this experiment, in which the 
undiluted solutions were allowed to stand for different periods after 
the addition of the reagent before being diluted and read, showed 
that the sulfite decreases the speed of reoxidations so that the 
fuding in the flask containing the sulfite is considerably diminished. 

This effect does not appear until after about 10 minutes standing 
so that ample time is given to read the solutions. If allowed to 
stand less than 5 minutes the color in the flask which is free from 
sulfite is less than that in the other flask. 


TABLE IT. 
Standard 2 ee. of urine + 20 ce. of sodium carbonate + 10 ec. of sodium 
sulfite set at 20.0 and read against 2 ec. of urine + 20 per cent sodium 
carbonate. 


Time elapsed. | Readings. Amount. Loss. 
min. | per cent 
0 | 13 0.94 6.0 
9 | 20.8 0.96 4.0 
6 | 20.7 0.96 4.0 
8 | 20.5 0.98 2.0 
15 | 21.3 | 0.94 6.0 
20 | 21.7 | 0.92 8.0 
25 | 22.9 | 0.87 13.0 
45 | 26.8 | 0.75 25.0 
60 | 98.7 | 0.70 30.0 


The same effect is given by normal urine as can be shown by the 
following experiment: 

2 cc. of normal urine were placed in each of two 100 ec. volu- 
metric flasks. To the first of these were added 20 ec. of saturated 
sodium carbonate and 10 ee. of 20 per cent sodium sulfite; to the 
second were added only 20 ce. of saturated sodium carbonate. 
Both flasks were then shaken and 3 ce. of phosphotungstic acid 
added, after which the flasks were again shaken, diluted to the 
mark, and well mixed. 

The solution containing the sulfite was used as the standard and 
the second solution was read against it immediately and at 
intervals for 1 hour as shown in Table I. 
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The maximum color obtained from the urine not containing the 
sulfite was only 2 per cent less than that given by the one which 
contained 10 ec. of 20 per cent sodium sulfite and this difference 
may be assumed to be due to cystine present in normal 
urine. The amount of cystine found in normal urine varies 
from nothing to about 10 mg. per 100 cc., averaging about 4 mg. 
per 100 ce. 

The fact that the addition of sulfite does not alter the depth of 
color produced by uric acid contained in urine allows one to use a 
solution of cystine as the standard, and to determine the 
cystine content by subtracting the cystine equivalent of the 
urine before the addition of sulfite from that obtained after such 
addition. 

The procedure which I have found most satisfactory follows: 

The standard consists of a solution of pure cystine in 5 per cent 
sulfuric acid made up to contain 2 mg. of cystine in each ce. of 
solution. This standard keeps indefinitely. 1 ec. of standard 
solution is taken for each determination. 

1 ce. of standard solution containing 2 mg. of cystine is placed 
in a 100 ec. volumetric flask, 20 ee. of saturated sodium carbonate, 
10 ec. of 20 per cent sodium sulfite, and 1 ec. of 20 per cent lithium 
sulfate are added and the solution is well mixed. 

In a second flask from 1 to 10 ec. (usually 2 cc.) of urine are plac- 
ed and treated in a similar manner. 

In a third flask the same amount of urine is placed and treated 
as above except that no sulfite is added. 

3 ce. of the uric acid reagent of Folin and Denis are now added 
to each flask and the flasks well shaken. After standing 5 minutes 
the solutions are diluted to volume and mixed. The solutions 
are read against the standard set at 20.0. The time of reading 
must not be later than 8 minutes after the reagent is added 
and for this reason a new standard must be prepared for each 
determination. | 

The amount of cystine is found by subtracting the amount of 
reducing substances in the third flasks, calculated in mg. of cystine 
from the total color-producing substances after the addition of 
sulfite, found in the second flask, also calculated in mg. of cystine. 

An example will make this clear. 
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Standard 2.0 mg. cystine set at 20.0. 


Reading. 
20 X 2 
5ee.of urinewith —sodiumsulfite 14.0 S6 mg. cystine 
20 x2 
18.2 


Cystine content of 5 cc. urine = 0.66 mg. 


In certain cases in which there is much eystine it may be neces- 
sary to use a different amount of urine for the blank and total 
color readings so that the readings may come between the usual 
limits of 13.0 and 27.0. It is then necessary to reduce both 
amounts to the same quantity of urine before subtracting. 

When the urine is so concentrated that cystine is precipitated 


it is necessary to separate the precipitate from the solution by the 


help of a centrifuge or by filtering. The precipitate is dissolved 
in a small amount of 5 per cent sulfuric acid and diluted to a 
definite volume. The two solutions are determined separately 
and the amounts combined to give total quantity. 

That this method is accurate may be seen from the following 
experiment: 

370 ec. of normal urine were placed in a strong flask and 500 
mg. of cystine were added. The flask was placed in a shaking 
machine and agitated for 3 hours. The solution was then centri- 
fuged and the precipitate dissolved in 5 per cent sulfuric acid and 
then diluted to 200 ce. 

2 ec. of the clarified urine were then taken and the amount of 
cystine was estimated according to the procedure given above. 


Standard 2 mg. cystine set at 20.0. 


Reading. 

20.0 
2 ce. urine with sulfite 14.5 er ts 1.38 mg. per cc. 

; | 20.0 

4 
lec. urine contains 0.22 mg. cystine. 


1 cc. of the solution, containing the precipitate, was then 
estimated in a corresponding manner. 
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Standard 2 mg. cystine set at 20.0. 


Reading. 
L ee. of solution with sulfite 19.0 20.0 X 2 = 2.10 mg. 
without “ No color. 0.00 
1 ce. of solution contains 2.10 mg. cystine. 


001.4 “ “ 
Cystine taken 500.0 “ “ 


If the urine contains albumin it must be removed before at- 
tempting to estimate the cystine. Tor this purpose I find that 
trichloroacetic acid gives good results and does not interfere with 
the subsequent estimation of cystine. 

The procedure adopted to procure a protein-free filtrate is as 
fellows: Accurately measure 50 ce. of urine into a 100 ec. volume- 
tric flask, add 5 ee. of 20 per cent trichloroacetic acid, fill to mark 
with distilled water, stopper, and shake vigorously. Filter 
through a dry filter paper into a clean dry flask. 

The figure obtained for this filtrate multiplied by 2 gives the 
amount for the untreated urine. 

The results in Table II were obtained on normal urines to which 
known amounts of cystine had been added. ‘The last three urines 
had also been treated by the addition of egg albumins. 


TABLE II. 
No. Cystine added. . Remarks. 
mg. per cc. mg. per ce. 

1 0.50 0.51 

2 0.50 0.52 

3 1.00 1.03 

4 1.50 1.46 

5 1.50 1.48 

6 0.50 0.47 Albumin removed as described. 
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ON THE PROTEOLYTIC ENZYMES OF THE SPLEEN. 


By 8. G. HEDIN. 


(From the Laboratory of Physiological Chemistry, University of Upsala, 
Upsala, Sweden.) 


(Received for publication, January 20, 1922.) 
INTRODUCTION. 


Since Salkowski in 1890 called attention to the fact that animal 
organs, when kept at 37° with antiseptics, undergo a change more 
or less similar to the digestion of proteins in the alimentary 
canal,! several investigators have been working along the same 
lines. Schwiening? found that NaeCO; checks the process and 
Bondi’ observed a favorable influence of HCl upon it in the case 
of the liver, which Rowland and I found to be the case with all 
the organs tried by us except the pancreas.4 The process is 
generally called autolysis. Working with the spleen I found 
that this organ contains two proteolytic enzymes; one of them 
acting principally in an acid medium (6-protease) and one acting 
mainly in an alkaline medium (a-protease).2 The latter could 
not be properly shown unless the spleen had been previously 
digested with a weak acid. The products obtained by the action 
in an acid medium were studied by Leathes,® who was able to 
isolate several amino-acids, and Catheart? who was able to isolate 
amino-acids from the products resulting from the action of the 
a-protease. More recently the proteolytic enzymes of the spleen 
have been studied by Morse,* who confirmed the results of Hedin 


! Salkowski, E., Z. klin. Med., 1890, xvii, suppl., 77. 

* Schwiening, H., Virchows Arch. path. Anat., 1894, exxxvi, 444. 

> Bondi, C., Virchows Arch. path. Anat., 1896, exliv, 373. 

4 Hedin, 8. G., and Rowland, S., Z. physiol. Chem., 1901, xxxii, 341, 531. 
5 Hedin, S.G., J. Physiol., 1904, xxx, 155. 

6 Leathes, J. B., J. Physiol., 1902, xxvii, 360. 

7™Catheart, E. P., J. Phystol., 1904-05, xxxii, 299. 

’ Morse, M., J. Biol. Chem., 1917, xxxi, 303. 
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but pointed out that the a-protease does not affect native proteins. 
Dernby,’ who likewise confirms the existence of two enzymes, 
finds in all tissues ‘“‘proteolytiec enzymes of the type of trypsin 
or erepsin that attack only peptones or peptides” and have their 
optimal action at pH 7.8; in addition he assumes the “existence 
of pepsin-like enzymes, which split native proteins to peptones 
but not further” and have their optimal action at pH 3.5. 


EXPERIMENTAL. 


In all my experiments it has been very useful at first to act 
upon the spleen substanee with an acid, either added to the 
spleen mass or formed during digestion. As will be seen later on 
a larger quantity of the enzymes is obtained through the action 
of a proper amount of acid, and in addition a very strong pro- 
teolytic activity sets in when the acid is present and the undis- 
solved substance can easily be filtered off and washed. Without 
the previous action of the acid it is indeed very difficult to bring 
about any filtration of the spleen mass at all. I have carried out 
the treatment with acid and the subsequent extraction of the 
enzymes in the following way. 


100 em. of minced ox spleen are mixed with 300 gm. of water and 2.25 ee. 
of 20 per cent acetic acid. Chloroform and toluene are added to prevent 
bacterial action. After about 24 hours at 37° the contents of the bottle are 
filtered; Filtrate A is kept for further investigation, and the residue is 
thoroughly washed with water. Then the residue is mixed with 150 ee. 
of a casein solution, obtained by dissolving 20 gm. of casein (Hlammar- 
sten) in 400 ee. of water +100 ce.of 0.1 N NaOH. Chloroform and toluene 
are again added and the whole is digested for 24 hours at 37° and then 
filtered. Filtrate B is investigated in the manner described below. The 
residue is thoroughly washed and then extracted with 5 per cent NaCl 
solution at 37° for 24 hours. Then the solution is filtered off and added 
with 30 gm. of Am.SO, to 100 ec. of solution. The precipitate formed on 
the addition of the salt is filtered off and dialyzed after the addition of 
water. When the Am.SO, has been nearly completely removed, the 
fluid is filtered from the undissolved proteins, the residue on the filter is 
dissolved in as little NaOH as possible and forms after filtration Solution 
C (to be described later on). 


The above technique makes it possible to a certain extent to 
separate the different enzymes contained in the spleen mass. In 


®*Dernby, K.G., J. Biol. Chem., 1918, xxxv, 179. 
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addition to the two enzymes, a- and 6-protease which I found 
before, I have been able to demonstrate in the spleen the presence 
of erepsin. The method ef investigation just described is shown 
in the following scheme. 


Minced spleen is digested with acetic acid. 


Filtrate A contains all enzymes. Residue is extracted with casein 
solution. 
Casein extract B mainly contains Residue is extracted with NaCl 
8-protease and erepsin. solution. Solution C obtained 


as indicated above contains 
mainly a-protease. 


Enzyme Action of Casein Extract B. 


The action of the extract upon casein was carried out with 
specimens made up in the following way: 


20 ec. of casein extract + 25 ce. of casein solution + varying amounts 
of 0.1 N NaOH or of 0.2 n HCl. Water was added to such an amount 
that the volumes of the specimens belonging to the same series were the 
same. The digestion lasted 3 days at 37°; then it was interrupted by 
adding 35 ee. of tannie acid solution.!® After 1 night the specimens were 
filtered, 50 cc. of filtrate were taken for N determination and the result, 
expressed in ec. of 0.1 N acid, after deduction of the figure obtained from 
the control specimen with boiled casein extract, was calculated for the 
whole volume of the specimens. The figures obtained in this way are 
recorded in Table I. The casein solution, before being used for the extrac- 
tion, shows an approximately neutral reaction, pH being 6.94; the casein 
extract is decidedly more acid, pH being 6.5. The pH in this as well as 
in all the following experiments was determined by the electrometric 
method (18°). 


_ The figures of the controls, corresponding to the digestion dur- 

ing the extraction with casein, were: Experiment 1 = 34.45, 
Experiment 2 = 24.95, Experiment 3 = 32.15, Experiment 4 = 
30.95, and Experiment 5 = 32.15. 


‘0 The casein solution was made up as described on page 178 and the 
tannic acid solution contained 100 gm. of tannic acid, 50 gm. of sodium 
acetate, 50 gm. of NaCl, and 50 ce. of glacial acetic acid in 1 liter. 
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As can be seen, the strongest digestion took place in the speci- 
mens with 2 ec. of HCl. In two experiments the concentration of 
the H ions was determined in the specimens with the strongest 
action and pH was found 5.7 for Experiment +4 and 5.45 for 
Experiment 5. In the specimen without NaOH and HCl, pH 
equalled 6.7 and in the one with 2 ec. of NaOH, it equalled 7.3. 
In the specimen with 15 ce. of HCl, pH corresponds to the value 
1.96. Consequently the casein extract, when acting upon casein, 
shows its maximum effect In a weakly acid medium. The action 


TABLE T. 


Experiment. 1 2 3 4 5 
ce. 
NaOH 4 1.85 
3 2.55 
2 6.05 7.3 10.0 2.65 
1 10.00 10.8 14.15 2.90 
0 16.85 14.3 18.45 15.85 5.20 
HC! 1 30.15 19.1 27.25 25.4 10.2 
2 34.45 20.95 30.6 28.6 13.6 
3 32.65 20.8 27.25 25.1 13.6 
4 20.70 18.7 21.35 20.45 11.65 
19.15 19.35 
6 19.1 
7 18.25 
8 16.4 
9 14.4 
10 11.0 11.95 
15 0.3 


in an alkaline medium is much weaker and in a medium most 
favorable for the action of pepsin (pH 2) it has no effect at all. 
The determination of pH was always carried out before the diges- 
tion; the change of pH taking place in the course of the digestion 
has turned out to be very small, the casein present acting as a 
buffer. In some experiments pH was determined before and 
after the digestion. The results are recorded in Table II at the 
same time giving the amount of digestion determined as above. 
There can hardly be any doubt that the action of the casein 
extract upon casein which has its maximum effect in a weakly 
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acid medium, depends mainly upon the presence of the B-protease 
described by the author. But it is quite possible that other 
enzymes are present as well. Since there is always some action 
in a weakly alkaline medium some a-protease may be present. 
In order to test whether there is any erepsin I tried the action of | 
the casein extract upon Witte’s peptone. I removed from the 
peptone the bulk of the products not precipitable by tannic acid, 
- in the following way: 20 gm. of Witte’s peptone were dissolved 
in 500 ec. of water and the solution after neutralization with HCl 
was dialyzed for 3 days against tap water. Then the solution 
was heated on the water bath for 4 hour, filled up to 650 ee., 
and filtered. The reaction is now weakly alkaline, pH being 
about 7.5. The experiments with peptone were carried out in 


TABLE II. 


Before digestion. After digestion. Amount of d'gestion. 
7.55 7.50 7.1 
7.55 7.58 5.1 
7.10 4.42 8.2 
6.60 6.57 13.35 
6.61 6.54 11.45 
6.08 6.06 23.0 
6.08 6.01 14.9 


the same way as those with casein except that 25 ec. of peptone 
solution were added instead of 25 ee. of casein solution. In order 
to study the effect of the same casein extract upon casein and 
upon peptone the following experiment was carried out. The 
specimens contained 20 ce. of casein extract + 25 ec. of casein 
or peptone solution + 5 ec. made up of the recorded amount of 
0.1 N NaOH or 0.2 n HCl and of water. The digestion lasted 
3 days at 37°. To the casein specimens 35 ce. and to the peptone 
specimens 30 cc. of tannic acid were added. Of the former 
specimens 50 cc. of filtrate and of the latter 65 ec. were taken 
for a N determination. The control specimen gave with casein 
the value 32.1 and with peptone 53.55. After deduction of these 
values the results were as given in Table III. 

From these figures it can be seen that the strongest action 
took place upon casein in an acid medium (pH 5.45) and upon 
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peptone in an alkaline one (pH 7.5). The action upon casein in 
an alkaline medium was very weak and in all probability it was 
due to a small amount of a-protease being present. From this 
experiment it must, I believe, be inferred that the casein extract 
contains in addition to the 8-protease acting most strongly upon 
casein in an acid medium, an enzyme hardly acting upon casein 
at all but easily splitting up peptone; this action is most marked 
in an alkaline medium. In all probability this enzyme must be - 
termed an erepsin, although it differs from the erepsin found by 
Cohnheim in the mucous membrane of the intestine inasmuch as 
this enzyme acts upon casein as well as upon peptone. Further 


TABLE III. 
Casein. Peptone. 
; ce. 
NaOll 4 1.85 

3 2.55 20.00 
2 2.65 19.90 (pH 7.5) 
1 2.90 19.60 
0 5.20 18.80 

1 10.20 16.65 
2 13.60 (pH 5.45) 13.35 
3 13.60 11.90 
4 11.65 10.70 
10.15 


evidence of the existence of the erepsin in the spleen substance 
will be given later on in this paper. 

Vernon first called attention to the existence of ereptic enzymes 
in animal tissues other than the intestine and pancreas" and 
lately Dernby® has showed that several organs split up peptone, 
but he did not decide whether this action was due to an erepsin 
or to a tryptic enzyme. 


Enzyme Action of Solution C. 


The experiments on the action upon casein were carried out 
with 10 ec. of Solution C + 25 ec. of casein solution in addition 
to 4 ec. made up of the recorded volumes of 0.1 N NaOH or 0.2 N 


11 Vernon, H. M., J. Physiol., 1904-05, xxxii, 33. 
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HCl and of water. The results of two series of experiments are 
recorded in Table IV. 

The values of pH obtained from the corresponding specimens 
of the two series are not quite the same, because the amount of 
NaOH used for the preparation of Solution C was not and could 
not be exactly the same in the two cases. It is quite evident 
from these two series that Solution C has its strongest action 
upon casein in a medium decidedly alkaline, pH being 8.8 to 
8.9. Solution C, therefore mainly contains the a-protease pre- 
viously found by me. From the way in which Solution C 
was obtained it can be seen that the a-protease adheres to pro- 
teins, that, like globulins, are soluble in dilute NaCl solutions, 


TABLE IV. 
Series. I II 
ce. 
NaOH 4 16.1 (pH 8.88) 

3 15.95 (pH 8.57) 7.4 (pH 8.79) 
2 14.9 7.35 (pH 8.29) 
1 13.7 7.0 
0 11.95 6.25 (pH 7.35) 

HCI 1 10.35 5.6 (pH 6.50) 
2 6.5 (pH 5.73) 4.2 (pH 5.90) 
3 3.35 


not soluble in water, but soluble in alkali. I have, therefore, 
tried to extract the enzyme from the residue obtained after 
the treatment of the spleen mass with acetic acid, by the 
aid of MgO suspended in water. After 24 hours at 37° the 
mass was filtered and the pH of the filtrate was found to be 
9.23. This solution showed its maximum action upon casein at 
about pH 5.5. Therefore, the alkaline solution obtained with 
MgO was precipitated with acetic acid, the precipitate was filtered 
off and dissolved in as little NaOH as possible. Then with this 
solution and casein in the way described above the results shown 
in Table V were obtained. 

The maximum effect was therefore obtained at the same pH 
as above with Solution C and the a-protease was evidently 
present in the solution tried. 


| 
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In my work on the spleen enzymes already referred to (page 177) 
I pointed out that the a-protease is checked in its action by the 
serum albumin of the serum, the 6-protease not being checked. 
With the enzyme solutions obtained as above I have carried out 
experiments on this question. Specimens were prepared con- 
taining 10 ce. of Solution C + 5 ce. of serum albumin (ox) +25 ce. 
of casein solution +3 ec. of 0.1 N NaOH. The control contained 
5 ec. of serum albumin boiled on the water bath for 30 minutes. 
The experiments were carried out as above. In one experiment, 


TABLE V. 
cc. 
NaOH 5 2.45 
4 4.40 
3 6.25 (pH 8.80) 
2 4.95 
1 4.15 
0 3.85 
WC! 1 4.65 
2 4.25 
3 3.75 


where the pII of the above specimen was 8.57, the figures obtained 
were: 


The inhibiting action of the serum albumin used, therefore, 
corresponds to 7.3. In another experiment the pH was 9.10 and 
the figures were: 


The inhibiting action, therefore, corresponded to 6.0. In 
another experiment with Solution C, HCl was added instead of 
NaOH and to such an amount that the pH of the specimen 
was 9.7: 
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The inhibiting action was, therefore, 1.6. In these experiments 
on the inhibiting action of the serum albumin the enzyme checked 
was a-protease, this enzyme being checked in alkaline and in 
acid media. As I have found before, the inhibiting substance 
of the serum is destroyed by the action of acid; but for such a de- 
struction rather a strong action of the acid is required, and when 
the inhibiting substance has already been acting upon the enzyme, 
no enzyme can be liberated by a subsequent action of an acid.” 

Solution C exercises some action upon Witte’s peptone as well 
as upon casein, this action being checked by serum albumin. In 
one experiment the following figures were obtained. The speci- 
mens were made up as in the experiments with casein, peptone 
being substituted for casein. 


Experiment with 


Peptone. Casein. 
Serum albumin, not heated..................... 3.08 | 3.6 


In all my experiments on the influence of serum albumin upon 
the enzyme action of Solution C, [ observed an inhibiting influence 
of the serum albumin. When I tried the influence of the serum 
albumin upon the action of the 8-protease or the erepsin, I found 
either no influence or a weak one. In the cases of a weak inhibit- 
ing action I thought this was due to the enzyme solution tried, 
containing some a-protease. 

Although the a-protease in all probability possesses the power 
of splitting peptone, it is able to carry out the beginning of the 
splitting process of casein to a greater extent than the end of the 
same process; this is borne out by the fact that the a-protease 
and the erepsin, when acting together upon casein, digest the 
same to a greater extent than they both do when acting separately. 
This can be seen from the following experiment, where the a- 
protease is represented by Solution C and the erepsin by Filtrate A 
(strongly dialyzed) which sometimes contains rather a large 
amount of this enzyme and only a little a-protease. 


12 Hedin, 8. G., Festskrift Olof Hammarsten, Upsala Ldakaref. Férh., 
suppl., 1906, xi. 
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No. pH 


1 10ce. of Solution C+ 10 ce. of Filtrate A + 25 ec. of casein + 4 cece. 


2 | 10 ce. of Solution C + 10 ce. of Filtrate A heated + 25 ec. of 

3/10 ce. of Solution C heated + 10 cc. of Filtrate A + 25 ec. ' 

4+ Control with Solution C and Filtrate A heated................ 9.07 


3 days at 87°; 35 ee. of tannic acid solution; 50 cc. of filtrate 


No. | Figures obtained. | Control (1.1) deducted 
! 18.5 | 17.4 
2 | 9.4 | 8.3 
3 | 2.0 | 0.9 
4 | 


The figures obtained from the separate action of both enzymes 
being 8.3 and 0.9, the sum of these (9.2) is far exceeded by the 
figure 17.4 representing the common action of both enzymes. 
This experiment shows at the same time that the a-protease alone 
exercised rather a strong action upon casein and the erepsin 
alone hardly any at all. Another experiment showed that the 
erepsin solution readily acted upon Witte’s peptone: 


No. 


1 | 10 ce. of Filtrate A + 25 ec. of peptone + 2 ec. of 0.1 N NaOH 
A heated + 25ce. of peptone + 2 cc. of 0.1 N NaOH 


After digestion as above the following figures were obtained: 


No. Figures obtained. | Control (9.95) deducted. 
| | 
i 19.10 Effect = 9.15 
2 9 95 


In another experiment with a-protease and erepsin, casein 
extract B was used as erepsin solution. The figures were, aiter 
deduction of the control value: 


1.6 
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Further Experiments on Filtrate A. 


In addition to erepsin, Filtrate A contains mainly 8-protease 
and varving amounts of a-protease. In the following experi- 
ments, Filtrate A was half saturated with Am.SO, by adding 
30 gm. of this salt to 100 ec. of fluid. The precipitate formed 
was filtered off and dialyzed with as little water as possible till 
the salt was removed. The solution thus obtained was used for 
determining the action upon casein at different values of pH. 
Each specimen contained 20 ec. of enzyme solution + 25 cc. of 
casein solution +5 ec. made up of water and 0.1 N NaOH or 0.2 n 
HCl. The figures obtained were: 


| Experiment 1. Experiment 2. 

ce. | 

NaQH 5 | 4.35 (pH 9.79) 1.8 (pH 9.72) 
4 | 5.6 4.25 
3 7.22 12.3 
2 19.4 (pH 8.19) 
1 8.41 24.2 (pH 7.56) 
0 8.5 29.15 (pH 7.25) 

HCl 1 11.20 (pH 6. 43) 38.25 (pH 6.36) 

2 9.85 33.3 (pH 5.85) 
3 8.85 29.6 
4 6.65 23.95 
5 4.40 


In these series the strongest action is obtained in a medium 
slightly less acid (pH 6.4) than in the experiments with the casein 
extract recorded above. This may be due to the solution con- 
taining; more a-protease than the casein extract, as shown by 
rather a strong digestion taking place in an alkaline medium, 
particularly in Experiment 2. 

I have tested the influence of acid upon the enzymes present 
in Filtrate A in the following way. The filtrate derived from 
1,000 gm. of ox spleen was precipitated by adding 500 gm. of 
Am:SO,; to 1 liter of filtrate, whereupon the precipitate was 
filtered off and dialyzed free from salt. The solution was then 
diluted with water to 1,000 cc. The enzyme solution thus ob- 
tained was treated with acid in such a way that 100 ce. of solution 
were kept with 15 ce. of 0.2 n HCl at room temperature for 


4 
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24 hours (pH 2.04). This solution gave no action upon casein 
either in an alkaline or in an acid medium nor did it act upon 
peptone in an alkaline medium and, therefore, the three enzymes 
had been completely destroyed by the action of the acid. 

The treatment with acid was, therefore, repeated with less 
acid: 100 ec. of solution + 10 ec. of 0.2 nN HCl (pH 3.25) were 
kept at room temperature for 24 hours and then 20 ce. of 0.1 N 
NaOH were added (A). In the control specimen 100 ce. of solu- 
tion were mixed with 10 ee. of acid and 206 ec. of NaOH and kept 
for 24 hours at room temperature (B). The specimens for diges- 
tion were prepared as follows: 


pH 
1 | (10 A + 10 B) heated + 25 easein solution + 3 NaOH 8.2 
2 10 A (heated) + 10 B 4+ 25 + 3 
3 (110A + 10B) heated + 25 + 3 

4 10A+10B) “ + 25 peptone solution + 3 NaOH 8.3 

5 10 A (heated) + 10 B + 25 ” ” +3 * 

6 (10 A + 10 B) heated + 25 +3 
7 (10 A + 10 B) “« + 25 easein solution + 2 HC] 5.8 

8 10 A (heated) + 10 B + 25 +2 

9 | (10 A + 10 B) heated + 25“ 

3 days at 37°; 30 ce. tannic acid; 50 ce. filtrate. 

The figures obtained were: 

No. | After deduction of controls. 
1 3.35 

2 9.2 7.05 

3 2.15 

4 10.9 1.5 

5 24.7 15.3 

6 9.4 

7 11.60 9.5 

8 20.65 18.55 

9 


In another experiment with the same enzyme solution the 
amount of acid used was 5 ec. and the amount of NaOH, 10 cc. 
The digestion was carried out in the same way as above and the 
figures obtained were: 
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No. After deduction of controls. 
1 7.85 5.30 

2 9.95 7.45 

3 2.5 

4 22.4 12.85 

5 25.2 15.65 

6 9.55 

7 20.5 18.05 

8 21.0 18.55 

9 2.45 


As can be seen from these experiments, the a-protease and the 
erepsin were weakened by the action of 5 ce. of 0.2 n HCl to 
100 ec. of solution while the 8-protease was hardly affected at all. 
By the action of 10 ec. of acid (pI 3.25) the two former enzymes 
were almost completely destroyed and the latter was evidently 
somewhat weakened. 

The experiment with 10 ee. of acid to 100 ec. of enzyme solu- 
tion was therefore repeated and the action of the resulting solu- 
tions, A and B, upon casein and peptone was tested at a different 
pH. Each specimen contained 10 ce. of enzyme solution (A or 
B) + 25 ce. of casein (or peptone) solution + 5 ce. made up of 
the recorded amount of 0.1 N NaOH or 0.2 n HCl and water. 
The digestion lasted 3 days at 37°, 30 ec. of tannic acid were 
added and 50 ee. of filtrate were taken for N determination. The 
controls with casein gave for A and B the figures 3.1 and 0.95 
and those with peptone, 11.25 and 8.75. After deduction of these 
values the results were: 


Casein. Peptone. 
A | B A B 
ce. 
NaOH 4 | 1.65 5.4 2.65 18.95 

3 | 2.5 9.35 3.595 19.7 

2| 3.15 12.85 4.5 19.85 (pH 8.46) 

1 | 3.6 15.5 5.25 19.55 

0 | 4.95 19.85 6.7 19.6 
HC11 [10.7 26.0 (pH 6.32)| 8.8 17.75 

2114.1 (pH 5.24)|25.5 10.85 

3 {13.9 21.15 11.25(pH 4.34) |16.25 

4 12.5 19.85 10.75 14.75 

5 |11.75 17.15 9.55 


m 
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These figures show that without preceding treatment with acid 
(B) the strongest action took place upon casein in a weakly acid 
medium (pH 6.32) and upon peptone in a decidedly alkaline 
medium (pH 8.46). By the treatment with acid (A) the reaction 
most favorable for the action upon casein was somewhat 
moved to the acid side (pH 5.24) and the pH most favorable for 
the action upon peptone was moved from the alkaline side to the 
acid one (pH 4.34). The treatment with acid in all probability 
affects all the three enzymes but the effect upon the erepsin in 
this ease is the most striking. In addition we find from the figures 
obtained that after the treatment with acid the reaction most 
favorable for the action upon casein and upon peptone is nearly 
the same (pH 5.24 and 4.34). The enzyme acting mainly at an 
acid reaction seems therefore to act upon peptone as well as upon 
easein. Consequently I find no reason for thinking that the 
digestion of proteins in an acid medium by the influence of spleen 
enzymes is caused by any kind of pepsin, this latter view in 
addition not being consistent with the fact that the enzymes are 
completely destroyed in a medium most suited to the action of 


pepsin (pH 2). 
Effect of Acid upon the Spleen Substance. 


As I have already pointed out, the autolysis of organs goes 
much faster in an acid medium than it does in an alkaline one. 
Some 15 years ago I found that the autolysis of the spleen and 
of other organs in an alkaline medium takes place much faster, 
if the organs are treated with a weak acid before the reaction is 
made alkaline, than it does if no treatment with acid takes place.” 

I interpreted this fact as being due to the acid destroying a 
substance, which, if active, inhibits the action of the a-protease 
of the organs. This view was supported by the fact that the 
digestion of casein by means of spleen enzymes in an alkaline 
medium was ehecked by the serum albumin fraction of the serum 
and that this checking influence disappeared when the serum 
albumin fraction was treated with a weak acid. 

Dernby® tries to explain the effect of pretreatment with acid 
upon the subsequent autolysis in an alkaline medium by assuming 
that in the course of the treatment with acid the substance of 
the organs is split up mainly into albumin and peptones and not 
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further, these products forming the proper substrate for the 
enzymes acting in an alkaline medium. This certainly cannot 
be the only reason for the autolysis in an alkaline medium being 
stronger after pretreatment with acid. This I believe to be 
proved by the following experiments. 


Experiment 1.—Three specimens of the following composition were 
prepared: 25 gm. of minced spleen + 50 ce. of H.O + MgO sufficient to keep 
the reaction slightly alkaline; and three specimens were made up of 25 gm. 
of spleen + 50 cc. of H.O + 3.6 ce. of 2.5 per cent acetic acid. The speci- 
mens with MgO are termed A and those with acid, B. The whole is kept 
at 37° for 1 day with chloroform and toluene. Then two specimens of each 
kind were heated upon the water bath for 30 minutes, after which three 
new specimens were made up as follows: 


No. 

(A + B) heated + 15 ec. of + 
2 A heated + B+15 +4 

3 (A + B) heated +15 “ “ 4 & 


The 15 ec. of H.O were used for washing down the substance from one 
hottle into the other. After 2 days at 37° 50 ce. of tannic acid were added 
and 75 ee. of filtrate were taken for N determination. The results were: 


Specimen. Control (110.4) deducted. 
1 125.2 14.8 
155.0 44.6 
3 110.4 


It will easily be understood that at the beginning the digestion 
specimens, Nos. 1, 2, and 3 contained the same quantity of pro- 
teins, albumoses, and peptones, half the quantity of those in 
Specimens 1 and 2 having been heated to destroy the enzymes 
and the whole amount having been heated in Specimen 3. The 
substrate was therefore practically the same in Specimens 1 and 2, 
but in Specimen 1 the enzymes present in the spleen kept in a 
weakly alkaline medium were active and in Specimen 2 the 
enzymes present after treatment with acid were active. In 
special specimens prepared in the same way as Specimens 1 and 2 
the pH was determined after filtration and was found to be 8.0 


i 
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for Specimen 1 and 7.93 for Specimen 2. As can be seen from the 
figures obtained, the enzyme action at an alkaline reaction was 
very much stronger in Specimen 2 than in Specimen 1. 


Experiment 2.-—In this experiment, carried out in the same way as the 
one just recorded, the final figures, after deduction of the control, were 


No. 
1 5.6 
2 44.3 


Experiment 3.—In this experiment Specimens A contained CaCQ; instead 
of MgO as in the preceding experiments. Therefore, the reaction in these 
specimens was approximately neutral. Specimens B were acid as before. 
After 24 hours at 37° Specimens 1, 2, and 3 were prepared as before; except 
CaCO; was added instead of MgO. In addition other specimens (Speci- 
mens 4, 5, and 6) were prepared quite like Specimens 1, 2, and 3, except 50 cc. 
of casein solution were added to each. After 2 days at 37° 20 cc. of tannic 
acid were added to Specimens 1, 2, and 3, and 50 ec. to Specimens 4, 5, and 
6. 50 cc. of filtrate were taken for N determination from Specimens 1, 2, 3 
and 100 ec. from Specimens 4, 5, and 6. After deduction of the controls 
the results were: 


No. 

> | 8.9 
4 | 14.7 
5 | 38.5 


The figures show that the digestion in a neutral medium caused 
by the specimens that were previously kept with acid is stronger 
than that caused by the specimens kept in a neutral medium. 
The same difference is found if casein is added as a substrate as 
is shown by the values obtained in Experiments 4 and 5. 


Experiment 4.—In this experiment CaCO; was added to Specimens A 
and no acid was added to Specimens B. After 1 day at 37°, therefore, the 
reaction in Specimen A was approximately neutral (pH 6.9) and in Speci- 
men B weakly acid (pH 6.5). Specimens 1, 2, and 3 were prepared as above 
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and the values obtained show that even the small amount of acid produced 
by the organ itself was sufficient to secure alarger amount of enzyme in B 
thanin A. 


20.8 
34.3 


bo 


All the experiments recorded go to show that after a preceding 
treatment with acid the amount of enzyme present acting in an 
alkaline or even a neutral medium is larger than without such a 
previous treatment. And since the quantity of albumoses and 
peptones was the same in both cases, this cannot be explained in 
the way suggested by Dernby. 

In a set of experiments I have tested whether the solution of 
spleen enzymes obtained by acting upon the spleen substance 
for 24 hours at 37° with weakly alkaline or neutral water shows 
any increase of activity after treatment with acid, but all my 
attempts in this direction have failed to give any results. In 
most cases some enzyme acting in an alkaline medium seems to 
be decomposed by the action of the acid, and this destruction 
of enzyme takes place even if no acid is added and the acid reaction 
is produced simply by dialyzing the enzyme solution against 
distilled water; in this way pH can be brought down to about 6.0. 

The presence of the solid spleen substance seems therefore to 
be necessary for the demonstration of the effect of acid found in 
Experiments 1 to 4. I have tried to find out whether any differ- 
ence in the effect of the acid is produced if the spleen substance 
is kept in water for some time before the acid is added. One of 
these experiments was carried out in the following way: 


Experiment 5.—Two sets of specimens were prepared, one (A) contain- 
ing 100 gm. of minced spleen substance + 300 ce. of H.O; and the other 
(B) with 2.25 ec. of 20 per cent acetic acid in addition to the constituents 
of A. Both were kept at 37° for 24 hours; then 2.25 ec. of acetic acid were 
added to A and these specimens were kept at 37° for another 24 hours, while 
B was directly filtered and a given part of the filtrate was dialyzed against 
tap water. After 24 hours at 37° A was filtered and the same volume of 
the filtrate as of B was dialyzed. It should be noted that the filtration of 
B took place markedly faster than the filtration of A. After the dialysis 
the filtrates (A and B) were filled up to the same volume (200 cc. before 
dialysis = 253 ec. after dialysis). Before dialysis pH was found to be 


aNO, 
| 
| 
| 
| 
| 
| 
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5.09 for A and 5.14 for B and after dialysis was about 8 for both. The 
amount of non-precipitable N in Filtrates A and B was determined by 
mixing 20 ec. of undialyzed filtrate with 10 ec. of tannic acid and taking 
20 ec. of filtrate for N determination. The result was: 


The residues of A and B obtained on filtering were thoroughly 
washed and extracted with casein as described on page 178. The 
amounts of enzymes present in dialyzed Filtrates A and B as 
well as those present in casein extracts A and B were compared. 


TABLE VI. 
3 davs digestion; 40 ce. of tannic acid; 75 cc. of filtrate. 


After 


pH | Result.| deduc- 
tion of 
icontrols, 
(20 A + 20 B) heated + 25 casein solution + 2 NaOH, 
20 A heated + 20 B + 25 casein solution + 2 NaOH, 
(20 A + 20 B) heated + 25 casein solution + 2 NaOH, 
(20 A + 20 B) heated + 25 peptone ees + 2Na0H, 
290A heated + 20B+ 25 peptone solution + 2NaQOH, 
(20 A + 20 B) heated + 25 peptone solution + 2 NaOH, 
(20 A + 20 B) heated + 25 casein solution + 2.5 HCl, 
90 A heated + 20 B + 25 casein solution + 2.5 HCl, 
(20 A + 20 B) heated + 25 casein solution + 2.5 HCl, 


The results of the experiments with the filtrates are given in 
Table VI. 

All these figures show that all the specimens where Filtrate B 
was active (not heated) contained considerably greater amounts 
of enzyme than the corresponding specimens where Filtrate A 
was acting. Since the enzyme solution that was not active was 


{ 
| | 
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always present as heated the substrate in the two specimens 
to be compared was always the same. The values obtained with 
casein as substrate in an alkaline medium show that Filtrate B 
contained considerably more a-protease than Filtrate A, the speci- 
mens with peptone in an alkaline medium do not allow of any 
conclusions as to the amounts of erepsin, since the results can 
be explained as caused by the a-protease, but the results obtained 
with casein in an acid medium make it very likely that the B- 
protease is present in a larger amount in Filtrate B than in 
Viltrate A. 

In the experiments with the casein extracts the specimens were 
made up of 20 ec. of casein extract A or B + 25 ee. of casein 


TABLE VII. 


| Casein. | Peptone. 
| \ B A B 
NaOH 1.385 11.5 8.2 | 12.55 
911.2 1.55 8.35(plL 7.56) 12.45(pH 7.50) 
1 | 1.35 | 7.95 (12.25 
0 | 2.35 | 2.75 | 7.55 | 11.75 
2 4.95 (pH5.45) 8.0 (pH5.45) 5.05 | 8.35 
3! 4.75 8.0 4.6 | 7.45 
44.5 6.85 4.75 | 6.7 
5 | 6.35 


solution or peptone solution and varying amounts of 0.1 N NaOl 
or 0.2 x HCl, a proper amount of water making the volume 
the same in all specimens. The results are to be seen from 
Table VII. 

The control values that have been deducted from the original 
figures were for casein A 11.85, B 18.9; and for peptone A 23.35 
and B 33.35. From the above figures obtained with casein as a 
substrate it is evident that the strongest digestion in A and B 
takes place at the same pH but that the effect of A is decidedly 
weaker than the effect of B. Therefore, the amount of 8-protease 
is considerably less in A than in B. The digestion of casein in 
an alkaline medium being very weak, there can only be very little 
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a-protease present in the casein extracts. The action of the 
casein extracts upon peptone having its maximum in an alkaline 
medium indicates the presence of erepsin in the casein extracts. 
The strongest action takes place at the same plIl in both cases 
but it is considerably weaker in A than in B. 

All the analyses carried out in the course of this experiment go 
to show that on immediate addition of a proper amount of acetic 
acid to the spleen substance more enzymes are secured than if 
the addition of acid takes place after the lapse of 1 day. And 
this seems to be the case not only concerning the a-protease but 


TABLE VIII. 


A B | pH 
NaOH 2 | 1.7 | 5.55 7.3 
1 | 28 | 7.85 
2a 2 | 10.25 6.68 
68 | 15.3 | 
8.75 | 17.0 5.7 
8.65 15.15 | 
4 7.6 11.85 | 


concerning the 6-protease and the erepsin as well, and this differ- 
ence is to be found in the solution obtained by the action of the 
acid as well as in the casein extract of the residue. The amount 
of a-protease present in the solution termed Solution © was in 
this experiment a little higher in the solution derived from B 
than from A, but the difference was not so material as in the 
other solutions. 


Experiment 6—In another experiment on the same subject only the 
casein extracts A and B were tested as to their action upon casein. ‘The 
specimens were made up of 20 ce. of casein extract A or B + 25 ec. of casein 
solution + the recorded amount of 0.1 N NaOH or 0.2 n TIC] and water up 
to the same volume in all specimens 3 days at 37°; 35 ec. of tannie acid; 
50 ec. of filtrate. The control values deducted were 10.7 for A and 17.85 
for B (see Table VITI). 


The strongest action took place with the same amount of acid 
(2 cc.) in A and in B corresponding to pH 5.7. In this experi- 
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ment some a-protease seems to have been present in the casein 
extract, this enzyme as well as the 8-protease being strongly 
reduced in easein extract A. This experiment, therefore, gives 
the same result as the preceding one. 


Experiment 7.—In this experiment one set of specimens (A,) was made up 
as follows: 100 gm. of minced spleen + 300 cc. of H.O + 10 ce. of 0.1 N 
NaOH. After 24 hours at 37°, 5 ce. of 0.2 N HCl and 2.25 ce. of 20 per cent 
acetie acid were added and A; was left at 37° for another 24 hours; it was 
then filtered and in every respect treated as was A in Experiment 5. Two 
other sets of specimens, A, and B, were treated exactly as were A and B in 
Experiment 5. In B, therefore, the acetic acid was added directly and in 
A, and A, after 24 hours at 37°. To A; 10 cc. of NaOH were added directly 
in order partly to neutralize the acid formed in the tissue in the course of 
the first 24 hours at 37°. This amount of NaOH was neutralized before 
the addition of the acetic acid. Consequently the reaction in A, during 
the first 24 hours was kept less acid than in Ay. pH was determined in the 
filtrates after 24 hours at 37°, after 24 hours with acid, and after dialysis 


of the acid filtrates. 


Ag B 


The amount of N was determined in the filtrates after 24 hours 
at 37° and after 24 hours with acid by mixing 20 ce. of filtrate 
with 10 ee. of tannic acid and taking 15 ec. of filtrate for the 


determination. 


Specimens were prepared containing the dialyzed filtrates, A, 
and B, casein or peptone, and NaOH or HCl exactly as indicated 
above in Experiment 5 and the test for enzymes was carried out 
in the same way. 


| | | 25.15 
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(20 A, + 20 B) heated + 25 casein solution + 2 NaOH | 4.1 7 
20 A; heated + 20 B+ 25 +2 15.8 13.4 
(20 A, + 20 B) heated + 25 + 2 2.4 
(200A,+20B) “ + 25 peptone solution + 2 “ | 18.45 4.9 
20 A, heated + 20 B+ 25 25.35 11.8 
(20 A, + 20 B) heated + 25 13.55 
(20 A, + 20 B) “« + 25 casein solution + 2.25 HCl) 7.3 4.9 
90 A, heated + 20 B + 25 2.25 ~ 13.7 
(20 A, + 20 B) heated + 25 +2.95 “ 2.4 
(20A,+20B) “ + 25 peptone solution + 2.25 “ | 14.7 1.15 
20 A, heated + 20 B+ 25 + 2.25 | 20.1 6.55 
(20 A, + 20B) heated + 25 ” - + 2.25 “ | 13.55 


The corresponding analysis with As and B gave the following 
results: 


After de-_ 

Nealues. [duction 
(20 A. + 20 B) heated + 25 casein solution + 2 NaOH | 6.3 3.95 
20 A. heated + 20 B+ 25 + 2 15.75 13.4 
(20 A, + 20 B) heated + 25 + 2 2.30 
(20 As + 20 B) “+ 25 peptone solution + 2 “ | 17.8 4.3 
20 As heated + 20 B+ 25 25.6 
(290 A. + 20 B) heated + 25 13.5 
(20 A, + 20 B) «+ 25 casein solution + 2.25 HCl! 7.65 5.3 
°0 As heated + 20 B + 25 1.1 12.75 
(20 A. + 20 B) heated + 25 * 2.35 
Ao + 20B) “ + 25 peptone solution + 2.25 “ | 15.3 1.8 
"0 A» heated + 20 B+ 25 + 2.25 “ | 19.4 5.9 
20 Ay + 20 B) heated +25 «49.95 | 13.5 

| 


pH was in the specimens with casein and 2 NaOH = 8.2 
easein and 2.25 HCl = 5.74 


These values of pH were very nearly the same in the corre- 
sponding specimens of the two series. From the values in the 
last column it can be seen that the quantity of enzymes present 
in B was everywhere larger than that in A; and Ae. The latter 
as a rule have given roughly the same values, except for the 
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values corresponding to the action of the a-protease; this value 
for A; was 1.7 and for A», 3.95. This enzyme was therefore de- 
cidedly more reduced in A; than in Ag, in all probability because 
the reaction during the first 24 hours was less acid in A, than 
in As. In addition it should be noted that the digestion of 
casein by B was a little stronger in the alkaline medium (pH 8.2) 
than in the acid one (pH 5.74); while the digestion caused by 
A; and A». was more powerful in the acid medium. 

The casein extracts in this experiment gave the following values 
for pH: Ay, 6.14; As, 6.06; B, 6.04. 

The quantities of enzymes investigated were as follows: 


After de- 
duction of 
controls. 


Resulting 
values. 


(20 A, + 20 B) heated + 25 casein solution + 6 NaOH | 32.8 2.0 
20 A; heated + 20 B+ 25 ™ = + 6 ™ 33.2 2.4 
(20 A, + 20 B) heated + 25 + 6 30.8 


20 A; + 20 B 25 peptone solution + 6 “ 45.95 7.2 
20 A; heated + 20 B+ 25 4 ” +6 “ || 49.75 11.0 
(20 A, + 20 B) heated + 25 * 
(200A;+20B) “ + 25 casein solution+2 HCl+4H,0 | 33.75 2.95 
20 A, heated + 20 B+ 25 39.2 8.4 
(20 A, + 20 B) heated + 25 30.8 

In the same way As and B were combined: 
(20 A, + 20 B) heated + 25 casein solution + 6 NaOH | 32.8 1.0 
20 heated + 20 B+ 25 + 6 34.5 


(20 A. + 20 B) heated + 25 ” ws + 6 “ 31.8 
20 A. + 20 B heated + 25 peptone solution +6 “ 45.6 6.2 
20 A, heated + 20 B + 25 +6 51.5 12. 

(20 A, + 20 B) heated + 25 a - +6 “ 39.4 

(200A,+20B) + 25 caseinsolution +2 HCl1+4H,0 | 35.25 3.4 
20 A, heated + 20B+ 25 “ Se? aa 40.7 8.9 
(20 Ac + 20B) heated +25 “ «+2 “ +4 “ 31.8 


pH was in the specimens with casein solution and 6 NaOH = 7.84 
“peptone solution and 6 NaOH = 7.66 
= 5.33 


“ “ easein solution and 2 HCl 


The digestion lasted 3 days. 40 cc. of tannic acid were added 
and 75 ce. of filtrate were taken for N determination. 


M | 
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As usual the figures show that only a small amount of a-protease 
is present in the casein extracts. But the amounts present are 
less in A, and A» than in B. The figures representing the action 
of erepsin and of 3-protease likewise show that those enzymes are 
present in greater quantities in B than in A; and Ae. 

Experiments show that more enzymes are obtained from the 
spleen if a proper amount of acid is added directly to the minced 
spleen mass than if the same amount of acid is added when the 
spleen mass has been kept in water for 24 hours at 37° at an 
alkaline, neutral, or even weakly acid reaction. One might try 
to explain this phenomenon in two ways: 

1. The enzvmes might be present in the organ in an inactive 
state, which could be made active by the acid. This explanation 
is not consistent with the fact that only small amounts of enzymes 
become active when the spleen mass has been kept for some 
time. 

2. The enzymes present in the spleen are in some way deprived 
of their activity when the spleen is kept, and this process is pre- 
vented by the action of the acid. As soon as the enzymes have 
been deprived of their active power, they cannot be made active 
again by the acid; and if the acid has been acting for a proper 
time upon the fresh spleen, the enzymes do not lose their active 
power in a neutral or even alkaline medium. There does not 
seem to me to be any objection to this explanation and all the 
observations recorded in this paper ean be explained in this 
way. 

As to the way in which the enzymes are deprived of their 
active power nothing can be stated for certain. The action of the 
a-protease is inhibited by the serum albumin fraction obtained 
from the blood, and it seems to be quite possible that the inhibiting 
substance in the serum may be present in the spleen as well. This 
might account for the a-protease losing its activity, but since the 
serum albumin fraction does not exercise any definite checking 
action upon the 6-protease and upon the erepsin, the vanishing 
of these enzymes cannot be explained in this way. Other sub- 
stances inhibiting the action of these enzymes might be present 
in the spleen, but since the existence of such substances has 
not been demonstrated, [ cannot offer any definite view on this 


subject. 
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CONCLUSIONS. 


The main results of my experiments on the proteolytic enzymes 
present in the spleen of the ox may be summarized as follows: 

1. The spleen contains at least three different enzymes: (1) a- 
protease, acting upon the spleen substance and upon casein in an 
alkaline medium (pH 8.8); (2) 6-protease acting upon the spleen 
substance and upon casein in a weakly acid medium (pH about 
5.4); and (3) erepsin not acting upon casein but having its most 
powerful action upon Witte’s peptone at pH 7.5 to 8.5. 

2. When the fresh spleen substance is kept in an alkaline, 
neutral, or even very weakly acid medium (pI 6.5), the enzymes 
lose much of their power of action, but this process is prevented 
by the presence of a little acid (e.g. pH 5.2). 

3. A watery extract of the spleen obtained at about pH 5.2 
contains varying quantities of all the enzymes referred to. 

4. A casein extract of the residue obtained on filtering off the 
acid solution, contains mainly 6-protease and erepsin. 

5. If the residue obtained on filtering off the casein extract is 
extracted with 5 per cent NaCl or MgO, the part of the extracted 
substances not soluble in water contains mainly a-protease. 

The above experiments were carried out with the spleen of the 
ox. The spleen of the horse gives, on the whole, the same results 
as far as my experience goes. Working in the same way as 
described above I found the most effective action of the casein 
extract in the specimen containing 20 ee. of casein extract + 25 ce. 
of casein solution + 4 ec. of 0.2 Nn HCl corresponding to pH 4.93. 
This concentration of the H ions lies decidedly more to the acid 
side than was found with the spleen of the ox. It should be noted 
that the addition of the acid in this case produced rather a volu- 
minous precipitate of casein and that the pH was determined 
after this precipitate had been removed. 

Having experimented upon the spleen mass with 1.7 cc. of 
20 per cent acetic acid to 100 gm. of spleen + 300 ec. of HO 
for 1 day at 37°, I did not suceced in demonstrating the presence 
of the a-protease in the solution termed Solution C above, but 
using 2.5 ec. of the acid to the same amounts of spleen and H.O, 
I succeeded. The most effective action of the a-protease upon 
casein took place at pH 9.31 or more to the alkaline side than in 
the experiments with the spleen of the ox. 


2()2 Proteolytic Enzymes of the Spleen 


I have carried out some experiments with the spleen of the pig 
as well. The*most important difference that I have found be- 
tween the spleen of the pig and that of the ox is that the amount 
of acid used for the original treatment of the spleen mass should 
not exceed 1 cc. of 20 per cent acetic acid to 100 gm. of spleen 
and 300 cc. of H:O. More acid seems to be somewhat injurious 
to the enzymes. An experiment exactly like Experiment 3 
(page 192) gave the same result and, therefore, the presence of 
acid prevents the enzymes from losing their active power. 


EXPERIMENTAL RICKETS IN RATS. 


IX. THE DISTRIBUTION OF PHOSPHORUS AND CALCIUM 
BETWEEN THE SKELETON AND SOFT PARTS OF RATS 
ON RACHITIC AND NON-RACHITIC DIETS. 


By GERTRUDE McCANN anno MARION BARNETT. 


(From the Department of Pathology of the College of Physicians and Surgeons, 
Columbia University, New York.) 


(Received for publication, August 21, 1922. 


In experimental studies of rickets it was found (1) that rats 
fed certain diets, which were poor in phosphorus but rich in eal- 
cium content, developed rickets, while increasing the phosphorus 
in these diets above certain levels invariably prevented this disease. 
Treatment with cod liver oil (2) or with light (3) also prevented 
the development of rickets in rats fed these diets without the 
addition of phosphorus. 

It scemed of interest to determine what occurred when diets 
were given which were extremely poor in phosphorus or in eal- 
eium; whether the bones and soft tissues shared the amount 
proportionally, or whether a point could be reached at which 
one or the other would suffer the greater deprivation. It was 
thought that some knowledge of the mechanism of the protection 
afforded by the oil and light might be obtained by the study of the 
amounts of phosphorus in the bones and tissues of rats which had 
been kept on these diets with and without cod liver oil or light, 
and as though it might be indteated by such a study whether the 
mode of protection was by a greater absorption and retention of 
phosphorus by the entire body or a redistribution of it so that the 
bones could retain a larger share. 

Several studies of the ash of normal and rachitie bones have 
been reported (4 to 7). It has been shown that although the 
total ash is reduced in the rachitic bones, the normal ratio of 
ealetum and phosphorus is not materially changed. 
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MeClendon (8) states that the skeleton of a white rat was found 
to contain 82 per cent of the total phosphorus of the body and that 
‘fon the basis of two such rats the P content was about 5 mgm. 
per gram body weight.” No information Is given as to the diets 
or growth of these rats. 

Various reports have been given of the composition of the bones 
in animals fed experimental diets which were poor in phosphorus 
or calelum (9, 10). Perlzweig (11) used diets which he considered 
to be poor in phosphorus, but when compared with the diets 
employed in our work they do not seem to be sufficiently poor to 
be comparable with a rickets-producing diet, which probably 
accounts for the only shght variations from the normal which he 
obtained. The low calcium diets gave figures quite comparable 
to those to be reported in this paper. 

Heymann (12) has compared the phosphate content of the bones 
and tissues of rats. He does not describe the diets given and, the 
animals were evidently older than those used in our work. In 
his normal rats he obtained an average of 1.4964 gm. of P.O; 
(0.71 gm. of P) per 100 gm. of live weight in the entire body, and 
0.4408 em. per cent of P.O; (0.21 gm. of P) in the tissues. The 
latter figure is slightly higher than those reported for this paper. 


Methods. 


White rats were given the experimental diets (Table I) at the 
age of 4 weeks. The diets were continued for 28 to 30 days. 
Roentgenograms were then made and the rats killed by etheriza- 
tion. The gastrointestinal tract (esophagus to rectum) was re- 
removed and discarded, for the amounts of calcium and phosphorus 
contained in these organs were found to be too minute for accurate 
analysis. A piece of one middle rib was removed for } inch on 
each side of the costochondral junction for histological examina- 
tion. The rat was boiled in distilled water for 5 minutes, then 
the skeleton was dissected out. The water used for boiling was 
added to the soft parts. The “large bones” in the first series 
were skull and bones of the extremities, including the ilia and 
scapulze but not the paws. The paws were ashed with the other 
small bones. In the second series the skull was ashed with the 
small bones. This was done because of the difficulty of cleaning 
the skull and it was felt that better bone figures could be obtained 
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from the other bones alone. To the tissues (evaporated to dry- 
ness) NavCO, was added to prevent possible loss of phosphorus 
and to give an ash more easily handled. This was not done to 
the bones which in themselves have an excess of bases. 

The parts were ashed in platinum crucibles, the ash was then 
dissolved in concentrated HC] en the water bath, diluted. and 
heated for 1 to3 hours. The phosphorus was determined by titra- 
tion of ammonium phosphomolybdate. The calcium was deter- 
mined by MeCrudden’s method (13) gravimetrically. 


DISCUSSION. 

The results of the analvses are contained in Table IIT. and in 
Table IIT they have been condensed to averages. The norma! 
rats contained 0.52 to 0.70 gm. of phosphorus and 0.72 to 0.93 gm. 
of caleium per 100 gm. of body weight. The rachitie rats on Diet 
contained 0.45 to 0.49 gm. of phosphorus and 0.60 to gin. 
of ealetum. Those on Diet 85 C had 0.45 to 0.49 em. of phospho- 
rus and 0.66 to 0.72 em. of ealeium, while those on Diet D had 
0.58 to 0.42 gm. of phosphorus and 0.41 to 0.47 gm. of calcium. 
From these data it will be seen that the rachitie rats contained 
less phosphorus and ealeium per 100 gm. of body weight than did 
normal rats. This was especially marked when the rats grew 
fairly weil as they did upon Diet D (Table I). This diet eon- 
tains slightly less phosphorus than does Diet S84. On Diet S4 
rats grew poorly and contained a greater amount of calcium 
and phosphorus per 100 gm. of body weight than did the rats on 
Diet D, but the amounts were below those found in normais 
(Table IT). The calcium figures obtained were less constant than 
those for phosphorus, probably because the amounts used were 
small. 

The percentage of phosphorus and calcium in the ash of rachitic 
and non-rachitie bones (Table IIIT) was found to be constant, 
thus agreeing with the results recorded in the literature (4 to §). 
The total ash content of the bones is reduced, but the ratio of 
phosphorus and calcium remains unchanged. 

In normal rats 68 to 75 per cent of the total phosphorus is in 
the bones. In rats developing rickets on Diet 84, with poor 
growth, 68 to 71 per cent was found in the bones, though the 
total amount per 100 gm. of rat was reduced slightly below the 
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TH 
| 
| Large bones. a 
| 
Phosphorus. Calcium. Phosphor, Cs 
Diet. | |: | 
| | om. | cent | cent | cent | cent | 9- | cent | cent | cent | cent | 9 | Burm 
9 9.6 19.40. 3500.54 1.92 19.4 39.40. 281 0.4918 
gst || N | 74 |19.30.1760. 230. 92'10.0 21.2 41.210. 2949.39) 

N | 83 22.30.1870.230.8410.019.0 0.3040.3715 
1315t EM 62 /18.10.0840.140.46 8.9 19.9.0 .160 0.26 0.88 17.0.38.10.2040.47) 
1317t | |36,40.1480.130.41) 0.2800.240.7716.9 0.4850.411 
1096§ | 9 | S84 | 39 7.3 18.00. 1840.47 1.82 15.538.00.1290.31 399 
1103§ AL 10.00.0920. 22'0.92) 7.318.2,0.209 0.51 2.09 16.6 41.00. 
S12] 4512.1 0.0940.21.0.97) 9.3 19.2.0. 180 0.40 1.49 17.8 37.3.0. 1340.30 
10618, 230.86, 9.118.100. 1800. 391.47 12.030.80.1440.311 
1354** 9 66 17.30.0490.070.28 6.3 0.0660 100.38 8.5) 0.1730.%10 
1353", | D_ | 78 |20.80 0430.060.21 4.4 (0.0800.100.38, 8.2, 0.1930. 250.38 
| D 82/21. = 050.18 4.3 0.0740 090. 348.1) 0.1750.20 
S4+CLO. 52 13.60.0580 110 43 7.1 19.3.0 .120 0.23 0.88 14.7 40. 00.2440, 
S44+CLO. 59 16.50.062.0.11 0.38 7.118. 20.124 0.21 0.75 14.3 36.5 0. 
140547, S4+CLO.| 60 /16.80.0640.110.38 7.9,15.8 0.126 0.21 0.75 15.6 37.10. 2340.31.99" 
1331¢f, Sd+light. 40 12.40.0530.130.43, 7.6 19.7.0 .128 0.321.038 18.4 
13337] 9 S4+light.| 40 12.90 05700. 130.43, 7.7 18.7 0.126 0.31 0.97 
| 30 | 6.30.0760. 21 8.4 18.80.2150.53 2.05 17.840. 00. 1030.35 
1035t, 85C 35) 8.60.0840.240.97, 7.5.19.3 0.164 0.47)1.91 14.6 36.90. 116 
130988 85C | 46 10.7.0.0960.210.90 7.219.6.0.188 0.41 1.76 14.038. 40. 1500.33.40 


Bold faced figures denote a second series. 


Rats 1331 to 1333 were taken from a series of light protection experiments of Dr. A. F. Hes} 


(to be published later). 
* Normal bone, delicate. 
+ Normal bone, thin trabecul. 
t Normal bone. 
§ Marked Diet 84 rickets. 
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Tissues. 

 — Total phosphorus. Total calcium. 

Caleium. Phosphorus. Calcium. 

= lw per - per | per gm - per per per per 
| cent cent | | cent | cent gm. | cent cent | | cent cent 
[530.88 3. 140.088 0.13 0.470.028 0. 0.369 0.55 76 0.601 0.93 95 
90,72.2.78 0.1440. 150.59 0.0400. 0.408 0.55 2.12) 72 0.5720.77 93 
0.146 0.18,0.68 0.450,0.542.10) 68 | 
500.903.0910. 141 0.22,0.78 0.435,0.702.40, 6S | 
200.782.5310. 200 0.170. 550.026 "(0.685.0.58 1.88) 71 0.946.0.80 2.6 97 
‘1.20.70 2. 36/0. 232.0. 16,0. 550.025 0.7390.52 70 |1 72} 2.4] 98 
$1350.64 2. 61/0. 060.0. 15,0.59,0.013 0.1890. 48 1.87) 68 0.278 0.71) 2.7) 95 
J 380.763.160.057 0.140.57,0.015 0.196,0.48 1. 0.331 0.81) 3.3) 95 
850.642. 36|0.079 0. 170.650.0250. 0.2130.47/1. 0.311 0.69, 2.6) 91 
2220.57 2. 17/0.070 0. 47 1. 0.2770.60; 2.3 95 
50.451. 70/0. 106 0. 16,0. 61/0.0080. 0.2790. 4211. 0.3030.46) 1.8) 97 
70/0. 131|0. 170. 3240. 42 1. 0.3670.47, 1.8 97 
500. 140.17). 690.0110.0 0.3150.38 1. 0.335.0.41) 1.6) 97 
480,86 3.300.078 0. 15,0. 570.016 0.03 0.32210.622. 0.4640.89) 3.4) 97 
140.51 0.012 0.02.0.070.313.0.53)1. 0.4640.79 2.8! 98 
$20.77 /2..75 0.0900.15 0.540.012/0.02 0.070.324 0. 541. 0.4740.79 2.8 98 
5.500.076 0.1090.610.0220.05 0. 280,0.702. 0.4601.15) 3.7) 95 
411.15 3.580.079 0.19 0.610.019 0.05,0.15,0.290 0.722. 0.480 1.20) 3.7) 96 
250.67 3.400.045 0.12 0.85 0.149 0.49 2.37 

240.642.610.057 0.16 0.66 0.012.0.030.140.1730.49 2.02, 67 (0.236 0.67 95 
2890.65 2.79,0.055 0.12 0.510.014 0.03 0. 130. 2050.45 1.92, 73 0.303.0.66 95 


Rickets (x-ray). 

‘Diet 84 rickets. 

* Marked rickets. 

No rickets, 

{Diet 85 C rickets. 

Slight Diet 85 C rickets. 


| 
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normal. The rats on Diet D, however, developing severe rickets 
while growing fairly well, had only 56 to 62 per cent of their 
total phosphorus in the bones. This percentage was lowest in 
the rats which grew best. Apparently in the more rapidly 
growing animals the soft tissues are able to take up and retain 
a greater proportion of the phosphorus from a very limited 
supply, thus reducing the share of the bones below that which 
is found when growth is not so rapid. 

Since almost all (95 per cent) the body ealecium is found in the 
bones in all of these animals no significant changes were found 
in its distribution. The total calcium per 100 gm. of rat shows a 
change similar to that found for the total phosphorus. 

In the type of rickets produced by a diet rich in phosphorus but 
poor in ealeium (Diet 85 C) there is no marked difference in the 
bone analysis from that found in the type of rickets produced by 
Diet 84, which was low in phosphorus and high in ealeium content. 
Although the pathological picture of the rickets produced by 
Diet 85 C (1) differs somewhat from that developed on Diet S4, 
the phosphorus and calcium contents of the bones and of the 
tissues, whether calculated in percentage of live weight or of dry 
weight of rat, are all within the same ranges, and are definitely 
below the normal figures. The phosphorus which is found in the 
soft tissues is decreased in spite of the fact that the phosphorus 
content of the diet is high. 

This point is of especial interest in that it tends to support the 
view that the two types of rickets have more in common than 
the somewhat diverse anatomical pictures might indicate. More- 
over, the fact that the same abnormal bone composition can be 
produced by two diets having opposite caleium and phosphorus 
values would seem to indicate that this abnormal mineral content 
of the bones is not the result of a simple deficiency of one or the 
other element, but that some intermediary mechanisn: must come 
into play. 

Rats on Diet 84, in which the development of rickets had been 
prevented by the administration of cod liver oil or by exposure to 
light, contain amounts of phosphorus in the entire body which 
are normal or even above the normal figures calculated per 100 gm. 
of rat (Table II). In these treated rats the bones contained 
72 to 76 per cent of the total phosphorus, a figure well within the 
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normal range although certain of these rats grew almost as well as 
the unprotected rats on Diet D, in which only 56 to 62 per cent 
occurred in the bones. There seems, therefore, to be an indication 
of an inereased utilization of phosphorus by the entire body in 
animals, which are protected by light or by cod liver oil from de- 
veloping rickets on a diet poor in phosphorus. ‘There is possibly, 
also, an inereased percentage of phosphorus in the bones. This 
is very shght, however, on the diets used, in which good growth is 
not obtained. It is unfortunate that prevention experiments 
were not carried out on Diet D at this time, as the changes in 
distribution should have been more marked with this diet. 


SUMMARY AND CONCLUSIONS. 


1. Rachitie rats contain less phosphorus and ealeium per 100 
gin. of body weight than do normal rats. This is most marked 
where greatest growth has occurred. 

2. This reduction is the same whether the rickets has been 
produced by a diet poor in phosphorus and rich in ealeium or by 
one poor in caleitum and rich in phosphorus. 

3. In rachitie rats, the bones may contain a smaller percentage 
of the total phosphorus than is found in normal rats. This 
difference is not marked—except where fair growth has occurred. 

4. When rickets is prevented from developing in rats given a 
diet poor in phosphorus but rich in calcium by administration of 
cod liver oil or by exposure to light, the total phosphorus and eal- 
cium content per 100 gm. of body weight is well within the normal 
range. 
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THE TRYPTOPHANE CONTENT OF SOME PROTEINS. 


By CLARENCE E. MAY anp EMBREE R. ROSE. 


(From the Phystological Chemistry Laboratory of the University of Indiana. 
Bloomington.) 


(Received for publication, August 7, 1922. 


In the present work we have devised a method for the deter- 
mination of tryptophane dependent on the fact that when trypto- 
phane is liberated by heating the protein with hydrochlorie acid 
in the presence of Ehrlich’s reagent (p-dimethyvlaminobenzalde- 
hyde), a reaction takes place resulting in the production of an 
intense blue color. Although Ehrlich used a solution of very 
dilute sodium nitrite to aid in the production of the blue color, 
the present authors have not used any sodium nitrite for the 
development of the blue color. We have tried various methods 
of hydrolysis of the proteins including the pancreatic digestion 
method of Herzfeld.) hydrolysis by means of the Ba(OH)s method 
of Homer,’ and hydrolysis by means of varying concentrations 
of acids at varying temperatures for varying times and have found 
what we believe to be the best conditions for the development of 
the color. We have taken the tryptophane content of casein 
as our standard and have compared the various other proteins 
with this standard. We calculated the tryptophane content of 
the various proteins on the basis that 1.5 gm. of tryptophane were 
ylelded by the hydrolysis of 100 gm. of casein. 

As results of preliminary work in the development of the 
method we used later for the determination of the tryptophane 
content of some twelve purified proteins, we established the 
following facts. 

An intense blue color suitable for colorimetric comparisons was 
produced by the amount of tryptophane present in 0.1 gm. of 
casein hydrolyzed and diluted to a volume of 100 ee. 


1 Herzfeld, E., Biochem. Z., 1913, lvi, 258. 
2 Homer, A., J. Biol. Chem., 1915, xxii, 369. 
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The p-dimethylaminobenzaldehyde reagent (a 5 per cent solu- 
tion of the aldehyde in 10 per cent sulfuric acid), produced more 
color when it was added to the digestion mixture of protein before 
hydrolysis had taken place. Only as little as 1.0 ec. of the reagent 
was necessary for the production of the maximum intensity of 
eolor when working with 0.1 gm. of dry protein. 

The best conditions for hydrolysis of the protein were obtained 
when 50 ce. of concentrated c.p. HCI, 50 ec. of water, and 1.0 
ec. of the reagent were mixed. To this mixture, weighed portions 
of protein (0.05 to 0.1 gm.) were added and the mixture was in- 
cubated at 35°C. for 24 hours and then allowed to stand 24 hours 
or longer at room temperature. This procedure gave blue-colored 
solutions when tryptophane-containing proteins were hydrolyzed. 
The solutions varied only in intensity of color. When the hydroly- 
sis was brought about by other means, there resulted solutions 
of less intense blue coler or solutions of a green or reddish shade. 

The color produced was permanent for at least 10 days and 
probably for a considerably longer time. 

The authors hydrolyzed thirteen proteins as follows; 0.05 gm. 
and 0.1 gm. portions of each protein were accurately weighed and 
added to separate solutions of 100 ec. of 1:1 c.e. HCl containing 
1 ec. of Ehrlich’s p-dimethylaminobenzaldehyde reagent. The 
digestions were at 35°C. for 24 hours followed by a standing in- 
terval for 40 hours at room temperature. The resulting solu- 
tions were all clear and possessed a clean blue color. These 
solutions were matched colorimetrically in a colorimeter. Table 
I shows the results. 

Since the above work was finished, Folin and Looney? have 
published some results relative to the tryptophane content of 
several proteins. We did not study the same proteins that they 
studied. The last column in Table I shows the particular pro- 
teins we studied in common and the figures given represent the 
results of the work of Folin and Looney. They are given here 
for the sake of comparison. 


3 Folin, O., and Looney, J. M., J. Biol. Chem., 1922, li, 433. 
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Colorimeter ‘Tryptophane 
Protein compared Colorimeter reading of |Tryptophane content in 
with 0.1 gm. casein Amount. reading of 0.1 gm. econtentin | the protein 
standard. unknown, casein the protein. | (Folin and 
solution. Looney). 
gm. mm, mm, per cent per cent 
0.05 50 25 1.5 1.54 
Lactalbumin.....) 0.05 50 40 2.4 | 
0.05 100 30 1.05 1.14 
Glutenin........} 0.05 50 30 
0.1 30 60 
ere 0.05 50 27 1.5 1.4 
0.1 50 30 
ae 0.05 50 28 1.65 
Ovovitellin. ..... 0.05 50 33 1.74 
0.1 50 5S | 
Egg albumin....| 0.05 100 38 1.11 1.23 
Phaseolin........ 0.05 100 27 0.80 
1 100 33 
Maize gluten..... 0.05 100 37 1.08 
0.1 90 36 
Legumin (vetch) 0.05 100 35 1.05 
Q.1 50 39 
0.05 No color, 0.00 0.CO 
0.05 0.00 0.00 


i 

} | 
} 
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SUMMARY. 


1. Only by gentle hydrolysis of a protein can the whole of the 
tryptophane be obtained. With more vigorous conditions for 
the hydrolysis, a portion of the tryptophane is lost. 

2. The best time to form the product of condensation of tryp- 
tophane and p-dimethylaminobenzaldehyde is during the libera- 
tion of the tryptophane from the protein molecule before it has 
a chance to be decomposed by the excess of free mineral acidity. 

3. The eolor of the digestion mixtures varies directly as the 
tryptophane content of the proteins. 

4, The method has a great advantage in that only small amounts 
of material are needed for the determinations. 


The authors wish to express their gratitude and thanks to 
Dr. T. B. Osborne of the Connecticut Agricultural Experiment 
Station for furnishing them with the purified proteins needed in 
earrying on this work. 


YEAST AS A SOURCE OF VITAMINE B FOR THE 
GROWTH OF RATS.* 


By CORNELIA KENNEDY AND LEROY 8S. PALMER. 


(From theSectionof Animal Nutrition, Division of Agricultural Biochenistry, 
University of Minnesota, St. Paul.) 


(Received for publication, August 12, 1922.) 


Although the rations which are commonly used in the biological 
method of food analysis are usually referred to as purified, the 
fact remains that the ideal pure ration has not been attained. It 
is a comparatively easy matter to prepare pure casein (the protein 
commonly used in such rations), pure dextrin, and a chemically 
pure salt mixture, but when the food factors are added which are 
necessary for the growth and well being of an animal, the extent 
to which these purified constituents are being contaminated with 
unknown substances in many eases is not fully appreciated. Be- 
cause it is necessary to add comparatively small amounts of these 
accessory factors in order to promote satisfactory growth, the 
same care has not been taken in securing them as pure from un- 
necessary contamination as has been done in securing pure protein, 
earbohydrate, and inorganic salts. For example, the factors 
vitamines A and B are obtained from certain animal and plant 
tissues and for this reason are difficuit to separate from other cell 
constituents with which they are associated. In fact there have 
been few attempts to obtain either of these vitamines in the pure 
state. 

Possibly vitamine A is more easily obtained in a condition less 
contaminated by adhering substances than vitamine B. In 
animal fats, at least, with the possible exception of cod liver oil, 


* Published with the approval of the Director as paper No. 341, Journal 
Series Minnesota Agricultural Iixperiment Station. <A preliminary report 
appears in the Proceedings of the Society for Experimental Biology and 
Medicine (Kennedy, C., and Palmer, L. 8., Proc. Soc. Exp. Biol. and Med., 
1921-22, xix, 362). 
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vitamine A is associated almost entirely with substances of a 
known chemical character such as glycerides, sterols, phosphatides, 
and pigments, whose role in nutrition can be and has been meas- 
ured. Not as much is known, however, regarding the chemical 
character of the substances in extracts from both animal and plant 
tissues. There is, moreover, no satisfactory standard by which 
to judge the purity of either vitamine, and there will not be such 
a standard until the nature of the vitamines themselves is under- 
stood. The amount of nitrogen present is not wholly satisfactory 
as a gauge of the purity of vitamine preparations, but at present 
is practically the only one available. In extracting vitamine B, 
at least, from either plant or animal tissue the majority of the 
extraneous substances extracted are of a nitrogenous character. 

It is important in certain lines of work that a minimum amount 
of unknown nitrogen be added to the ration and, in facet, it is 
desirable in any case where the ration is in all other respects 
highly purified to add with the accessory food factors just as small 
amounts as possible of substances of unknown character. For 
example, if as active a preparation of vitamine B can be obtained 
after reducing the amount of nitrogen present by means of a special 
manipulation, then it is desirable to use such a preparation of the 
aetive factor with every purified ration. With this consideration 
in mind, we have endeavored to ascertain whether or not we could 
replace with yeast the wheat embryo preparation of vitamine B 
we have been using in our work. 

lor several years it has been generally considered that veast is a 
very rich source of vitamine B; in fact it is more generally used, 
in experimental work, as a source of this factor for purified rations 
than any other naturally occurring food. For this reason and also 
because it is Inexpensive and easily prepared for use, we desired to 
adopt it as a source of this vitamine instead of the more difficultly 
prepared wheat embryo extract. The results which we have ob- 
tained have been somewhat of a surprise to us inasmuch as the 
potency of yeast as a source of vitamine B has apparently never 
been questioned. 

Hopkins (1), who was the first to add yeast to a purified ration, 
reported that the alcoholic extract of yeast added to purified 
rations greatly accelerated growth in young rats. Funk and 
Macallum (2) have shown that if 1 per cent of the ration is yeast, 


. 
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young rats will grow for a short time, after which they begin to 
decline; but that if at least 3 per cent is added, satisfactory growth 
results. Drummond (3) has produced satisfactory growth in 
young rats when from 3 to 6 per cent of the ration consisted of 
dried yeast, although 6 per cent gave more satisfactory growth 
than 3 per cent. The same author has also shown that marmite, 
a commercial preparation of yeast extract used as a substitute 
for meat extract in the preparation of soup cubes, will produce 
satisfactory growth when equal to 6 per cent of the ration. 

Maeallum (4) found that either 2 or 6 per cent of dried brewer's 
yeast gave satisfactory results over short periods of time, but 
that for prolonged feeding experiments fresh whole yeast or auto- 
lyzed veast liquor was necessary for the maintenance of the normal 
growth rate. He attributed the failure to grow on dried yeast 
for longer periods of time to deterioration of the growth factor 
through drying, for when fresh moist veast was substituted in 
amounts equivalent to the amount of dried yeast used, there was 
an immediate resumption of growth. However, in the growth 
curves presented by Macallum for experiments of prolonged dura- 
tion, there is seen a decided flattening of the curve at about the 
100th day of the experiment, which, of course, may have been due 
to insufficient amounts of both vitamines B and A as no source for 
vitamine A! was provided in the ration. That the yeast is in 
part responsible for the flattening of the curves is shown by the 
faet that even the growth curves for the rats which received 18 
per cent butter fat in their rations flattened considerably at about 
the same time. 

Hawk, Fishback, and Bergeim (5) have reported satisfactory 
growth in young rats on rations which earried 5 per cent of the 
dried household compressed yeast (Fleischmann) as their sole 
source of vitamine B. None of these experiments extended over 
periods of from 10 to 13 weeks, a period in which we have shown 
that young rats may grow normally on a ration of low vitamine 
content (6). Osborne and Mendel (7) have ted small quantities 
of dried brewer’s yeast cither separately or incorporated in their 

‘That Macallum obtained remarkably good growth for a period of 100 
days on a purified ration which contained lard (autoclaved for 3 hours at 


120°C.) as the only fat may be explained by the fact that the casein in his 
ration mav have carried a small amount of vitamine A. 
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purified food mixtures to render these mixtures as efficient for 
promoting growth as those that contained their natural protein- 
free milk. With 1.5 per cent of dried yeast to furnish the growth- 
promoting vitamine B young rats of 50 gm. body weight grew to 
maturity and sometimes produced young, although none was 
reared. Later (8) they state that although rats will grow to 
adult size when yeast is the sole source of vitamine B, the rats 
are, with few exceptions, sterile. They also state that yeast is 
not as efficient as their naturally occurring food products in pro- 
moting growth. 

Although no attempt has been made to give a complete résumé 
of the literature bearing on the use of yveastas a source of vitamine B 
for purified rations, the conclusions can be drawn that yeast is 
quite generally accepted as a reliable source of the factor.. 

In the work which will be reported in this paper it has been our 
endeavor to find out the lowest level at which yeast could be fed 
to growing rats and still produce results which were as satisfactory 
as those given by the use of the alcoholic extract of ether-extracted 
wheat embryo. We have fed groups of rats in colonies on a basal 
ration of purified casein 18 per cent, salts (9) 3.7 per cent, agar 
2 per cent, butter fat 5 per cent, with dextrin to make 100 per cent, 
and have supplied the vitamine B in the form of dried yeast of 
various sourees, both as an integral part of the ration or separately 
in the form of a tablet. In reporting our results, we have taken 
into consideration the amount of nitrogen added to the ration by 
the veast and also the actual weight of pure yeast that was neces- 
sary to add to obtain growth. We believe that this last considera- 
tion isof importance, and should be taken into account in reporting 
the amount of yeast used. Unless the yeast is prepared especially 
for laboratory use, it will be diluted with starch or other “filler.” 
Previous investigators have apparently either failed to take this 
into account or have not reported their results on the basis of the 
actual amount of yeast fed. The result is that it is not possible 
to compare their data. 


Experiment 1, Lots 1, 2,3, 4, and 5, Chart 1.—The veast used in Lots | to4 
of this experiment was a baker’s veast (Ileischmann) containing about 16 
percent yeast in thefresh condition. Assoonas received at the laboratory, 
the yeast was crumbled into small pieces and dried as rapidly as possible at 
room temperature before an electric fan. The dried product contained 
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approximately 40 per cent yeast, the remaining ingredient being practically 
all starch, which is added by the manufacturer primarily to increase the 
keeping qualities of the yeast. This yeast was added to the rations to 
furnish pure yeast in amounts varying from 0.8 to 4 per cent (equivalent to 
2 to 10 per cent of the dried product). In Lots 1 and 2, which received, 
respectively, 0.8 and 1.6 per cent of the pure yeast in their ration, Rat 214 
was the only individual whose growth curve approximated normal. ‘Two 
of the six rats in Lot 3, whose ration contained 2.4 per cent pure yeast 
(equivalent to 6 per cent dried product) made norma! growth for 12 weeks 
which was the duration of the experiment. Three of the four rats in Lot 4, 
receiving 4 per cent of the pure yeast (equivalent to 10 per cent of dried 
product), made practically normal growth except for the last 4 weeks of the 
experiment when there was a decided flattening of their growth curve. 
‘There were no indications that the increasing concentrations of yeast in the 
rations of the rats of Lots 1 to4 had the accumulative stimulating effect on 
the appetite which might be inferred from the reports of the results of yeast 
feeding to animals suffering from a complete absence of vitamine B. For 
example, Karr (10) and Cowgill (11) have found that yeast will restore the 
appetite of dogs which had been fed on diets lacking vitamine B and were 
in the condition of self-imposed inanition which precedes polyneuritis. 
Apparently one is not jusified in concluding from these results that addition 
of veast to diets merely deficient in vitamine B will bring about a similar 
stimulation to the appetite. 

Nine of the twenty-two rats in Lots | to 4 were females but none of these 
produced voung during the period of the experiment. 

Lot 5 was fed a dried brewer's yeast obtained fresh from a local brewery. 
When received at the laboratory, this yeast was in the form of a fluid con- 
taining considerable of the wort still undergoing fermentation. It was 
dried to about one-fourth of its volume in a hot air current, the drying being 
then completed in a hot water oven. The product was of a dark brown 
color and had an intensely bitter taste. During the first 4 weeks of the 
experiment, the basal ration contained 2 per cent of this yeast, and during 
this period only one individual, Rat 362, made normal growth. On increas- 
ing the level of the dried yeast to 10 per cent of the ration, the growth was 
stimulated somewhat but at the end of 10 weeks in no case was the weight 
greater than one-half the normal for that age. When these rats were 
transferred to the rations of our breeding colony, which consists of mixed 
grains, meat scraps, and milk, their growth curves arose sharply toward the 
normal. When the same yeast was fed separately to the rats in Experiment 
2 at the rate of 0.2 and 0.4 gm. per day per rat, the results were no better 
than when the veast wes incorporated in the ration at the level of 10 per 
eent. The failure of the brewer's yeast used in this experiment to promote 
normal growth is surprising in view of the fact that Osborne and Mendel 
have had remarkable success with this kind of yeast. This failure of our 
veast to supply sufficient amounts of vitamine B to promote normal 
growth may be due either to large amounts of impurities in the yeast or to 
our mode of preparing it for use. 
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Cuarrl. The curves of Lots 1 to 5 inclusive represent the rate of growth 
of the rats which obtained their vitamine B from air-dried baker’s yeast 
mixed in the ration in the following proportions: 


Lot l..... 2 per cent yeast equivalent to 0.S per cent pure yeast. 


The ration of Lot 5 contained 2 per cent of dried brewer's yeast for the 
first 4 weeks of the experiment when the amount was increased to 10 per 
eent. As there was no indication that growth would be normal on this 
amount, the rats were taken off of the experimental feeding at the end of 10 
weeks and put on our stock food with the result that the curves arose 
abruptly toward the normal. The rats of Lot 6 received the same basal 
ration as the rats of the other groups with the exception that vitamine B was 
derived from the alcoholic extract of wheat embryo instead of yeast. 
Each 100 gm. of ration carried the extract of 15 gm. of wheat embryo. 
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Experiment 2, Lots 7, 8, and 9, Chart 2.—The results of Experiment 1 
were so unsatisfactory and unlike those of other investigators using yeast 
as a source of vitamine B that we decided that either the rats did not eat 
enough of their food to get the required amount of vitamine or else the type 
of yeast was at fault. We therefore modified the procedure by feeding the 
same yeast separately from the ration in the form of pellets. As there was 
no ditiiculty in getting the rats to eat the entire pellet. failure of the rats to 
grow on their allotted amount could only mean that there was not enough 
vitamine in the yeast to promote normal growth. For the first 4 weeks of 
the experiment the rats of Lot 7 were given pellets made of 0.2 gm. of dried 
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Cuarr 2. These rats derived their vitamine B from yeast pellets fed separately 
from the ration. Tor the first + weeks of the experiment (point x on curve) the rats ¢ 
Lot 7 received daily 0.2 gm. pellets of brewer's veust. Pellets of baker's yeast weig) 
ing 0.2 gm. were then fed up to the point marked 1 on curve, when the amount ¢ 
yeast was increased to 0.4 gm. The rats of Lot 8 were given pellets of brewer's yeas 
weighing (.1 gm. up to the point marked x on curve, when the yeast was changed 
baker's veast and fed in the same amount to the point marked 1 on curve. The 
amount was then increased to 0.6 em. The rats of Lot 9 received daily from the 
beginning of the experiment pellets of baker’s yeast weighing 0.6 gm. 
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brewer's veast. Three of the five rats failed tomake any growth during this 
period, one rat, No. 385, made about three-fourths normal growth, and 
another rat, No. 383, made better than normal growth. As the rats of 
Lot 8 were getting this same veast at a higher level, ¢.e. 0.4 gm. daily, and 
were also far below the normal in their growth, both lots were changed at 
this point to the baker's veast used in Experiment 1 made into pellets con- 
taining 0.08 and 0.16 gm. of pure veast, respectively, (equivalent to 0.2 and 
0.4 am. of dried product). In Lot 7 two of the rats, Nos. 383 and 387, and 
in Lot S Rats $92 and 395 made very satisfactory growth on these amounts 
but as the other rats of the groups were still below normal, the amount 
given each group was Increased (point 1 on curves) to 0.24 gm. of pure yeast 
(equivalent to 0.6 gm. of dried product). This increase in the amount of 
yeast given causedarenewal of growth so that all the rats wereof practically 
normal weight at the end of the experiment which lasted 24 weeks. Four 
of the ten rats were females. and although there were some indications that 
one of them had young during the last week of the experiment, there was no 
evidence of the young obtained as she had been left in the colony and the 
other rats had probably destroyed them. There were no other cases of 
reproduction. 

The rats of Lot 9 received 0.24 gm. of pure yeast (equivalent to 0.6 gm. of 
dried product) throughout the period of the experiment. Very good 
growth and some reproduction was obtained on this amount of yeast. 
However, the mothers destroyed their young. It is a fact worth noting 
that of twenty-four females used in the entire work with yeast, only five had 
young and these young were in no sense vigorous, normal rats. We are 
not prepared to say whether this absence of normal reproduction is due to a 
deficiency in vitamine B or to some other property of the yeast. Osborne 
and Mendel (7, 8) have also observed infertility in rats in whose rations 
yeast was the sole source of vitamine B. They do not, however, consider 
that lack of reproduction was caused by the yeast per se as two out of four 
rats which had been fed for a long period of time on rations containing 30 to 
40 per cent yeast proved fertile when mated with vigorous females which had 
grown up on a normal mixed ration. It would seem, however, that the 
relation of veast feeding as the sole source of vitamine B to successful repro- 
duction and lactation would be determined only where individuals of both 
sexes were on a par as far as the diet was concerned. This was the case in 
our experiments. The successful matings in Osborne and Mendel’s experi- 
ments may have been due to the high state of vigor of the females raised 
on the normal diets. 

Chart 2 illustrates a point which we have frequently noticed in econnec- 
tion with our investigations on vitamines which seems to be contrary to the 
experience of others. That is, if the feeding work is begun with inadequate 
amounts of the vitamine-containing material and from time to time the 
amount is increased, the growth curve of the rat seldom duplicates the 
normal or at best only after a much longer period than when the larger 
amount is given from the beginning of the experiment. For example, in 
Lots 7 and 8, 0.08 and 0.16 gm. of pure yeast were fed to the point marked 1 
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on the curves where in each case the amount was increased to 0.24 gm., but 
with few exceptions none of these rats presented as satisfactory growth 
curves as those of Lot 9 to which 0.24 gm. of yeast was fed from the begin- 
ning of the experiment. 

Experiment 3, Lot 10, Chart 3—MWaving obtained unsatisfactory and 
variable results from the use of baker’s veast and brewer’s yeast, we next 
tried growing a yeast under laboratory conditions in order to control 
the ingredients of the wort upon which the yeast was to grow. For this 
purpose we made a wort of hops and ground malt, filtered to obtain a clear 
medium, and inoculated the filtrate heavily with pure culture of Saccharo- 
mycescerevisie, When active fermentation had stopped, the wort was poured 
on a suction filter, thoroughly washed, and then dried at room temperature 
before an electric fan. This yeast was made into pellets and fed to the 
rats in the usual way at the rate of 0.2 gm. daily. Only three rats were used 
in this group so as to conserve the yeast which was rather dificult to make 
in large amounts under laboratory conditions. ‘These rats made a con- 
tinuous slow growth but were considerably undersized at the end of 5 
months. Rat 53S had two litters, the first numbering seven, four of which 
died soon after birth, and the remaining three were destroyed within a few 
days by the mother. The young of her second litter were weak, had sub- 
normal temperature, and up to the time they were 4 weeks old had not been 
observed to leave the nest. At this time, two of the young rats were placed 
in the mother’s feeding dish and ate of the ration. Almost immediately 
they were seized with convulsions in which they rolled around the cage 
seemingly in great pain and finally died, apparently from exhaustion. We 
cin offer no explanation for these spasms, but they would seem to be in some 
way connected with the use of yeast in the rations of the mother rat as we 
have never before had this difficulty with any of our rats. Hartwell (12) 
has noted spasms in voung rats whose mother was on a high protein ration 
and has ascribed the difficulty to a ration too rich in protein. Hartwell 
states that ‘It is possible that these results are due to a deficiency of some 
dietary factor, but this deficiency is only evident when the diet is too rich 
in protein. . . . Asimilar diet, but one with less protein, would not be 
deficient..” M[eCollum, Simmonds, and Pitz (13) have reported pronounced 
nervous disturbances resulting in death in nursing rats whose mothers’ 
ration contained 16 per cent casein and 15 per cent whole wheat. These 
investigators believed that the spasms were due to a deficiency of vitamine 
B, the sole source of which was the whole wheat. ‘The protein of this ration 
was not over IS percent. We (14) have reported reproduction and success- 
ful rearing of young on a ration carrying 22.5 per cent protein derived 
from 18 per cent casein and 15 per cent dried egg yolk. In this ration the 
protein was moderately high but vitamine B was supplied in a liberal 
amount by the egg yolk and also by the alcoholic extract of 15 gm. of wheat 
embryo per 100 gm. of ration. Irom such results it seems probable that 
spasms in the nursing rat are not necessarily due to high protein but rather 
to a deficiency of vitamine B. The possibility remains, however, that 
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Crart 3. These rats derived their vitamine B from yeast pellets fed 
separately from the ration. The pellets given to Lot 10 contained 0.2 gm. 
of the yeast grown in this laboratory. The rats of Lot 11 received pellets 
made from distiller’s veast for the first 5 weeks of the experiment. As 
this yeast showed no growth-promoting properties, it was changed at this 
time (point marked x on ehart) to 0.2 gm. pellets made of a starch-free 
yeast (Fleischmann) supplied in the fresh condition and dried by our usual. 
method. The amount of yeast was inereased to 0.6 gm. at the point marked 
lonthe curves. In Lot 12 the pellets given the first 4 weeks of the experi- 
ment contained 0.2 gm. of a special starch-free dried veast furnished by 
The Fleischmann Company. As there was an indication of a decline on 
this amount, the yeast was increased to 0.4 gm. daily. In this lot we did 
not wait for the decline to extend over several weeks as we had in the other 
experiments because of the difficulty of bringing the rats back to the nor- 
mal rate of growth by small additions of the deficient factor. However, 
this increase did not stop the decline. The dotted part of the curve indi- 
cates the time during which the rats were given the feed of our stock rats. 
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veast contains some other factor which is detrimental to the rearing of the 
young. 

Experiment 4, Lot 11, Chart 3.—A dried distiller’s yeast was used to 
furnish vitamine B for the first 4 weeks of this experiment. Pellets weigh- 
ing 0.2 gm. each were given daily to the rats to the end of this pertod when 
it became apparent that normal growth could not be made on this yeast. 
This yeast was then replaced by the same amount of a dried starch-free 
veast (Fleischmann) which was obtained fresh and dried by us in the 
manner previously described. This change stimulated growth to a con- 
siderable degree but at the end of 12 weeks, as the growth curve was still 
far from normal, the amount of veast was increased to 0.6 gm. daily 
(point 1 on curves). This had practically no effect except that one female 
produced a litter of three, two of which died soon after birth and the other 
one never grew normally. 

Experiment 5, Lot 12, Chart 3.—The rats of this experiment obtained 
their vitamine B for the first 4 weeks of the experiment from 0.2 gm. of a 


TABLE I. 
| | Approximate Proportion 
Amount Nitrogen | daily nitrogen | total nitrogen 
Source of vitamine B. , of product | content of | intake in form of intake as 
| inration. product. vitamine B vitamine B 
| proluct, product. 
} 
| percent per cent gm. per cent 
Dried baker’s yeast. | 2 5.05 0.005 -0.010 | 0.176-0.356 
IFleischmann’s yeast. 4 5.05 0.010 —0.020 | 0.352-0.704 
| 
| 6 5.05 0.015 —0.030 | 0.526-1.05 
5.05 | 0.025 -0.050 | 0.880-1.76 
Wheat embryo extract on 11.4 0.905 | 0.0052-0.010 | 0.18 —0.352 
dextrin. | 


dried, starch-free yeast obtained ready prepared from The Fleischmann 
Company. For the first 4 weeks of the experiment these rats, with one 
exception, made satisfactory growth, but there being some indications of 
a decline at the end of this time, the yeast was increased to 0.4 gm. daily. 
This amount, while it may have arrested the decline, did not bring the rate 
of growth back to the normal. At the end of 16 weeks all the rats were 
undersized but in a fairly good physical condition. There was no reproduc- 
tion in this experiment. At the end of the experiment these rats were 
given the stock food used in our breeding colony which greatly stimulated 
growth except in the case of one individual, Rat 724, so that within 3 weeks 
time the growth curves had almost reached the normal. As the basal 
ration used in these experiments was known to be adequate in all respects 
except in vitamine B, which was furnished by the yeast, such a result would 
show that vitamine B was not being supplied in adequate amount. 

The amount of unknown nitrogen which was actually added to the ra- 
tions used is presented in TablesI andII. Column 4 of Table I necessarily 
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states only the approximate amount of nitrogen added, as the rats eating 
these rations were kept in colonies and therefore the amount of food con- 
sumed by each could be estimated only. Comparing the growth curves of 
Lots 1 to 5 inclusive with Lot 6 to which vitamine B was furnished by the 
aleoholie extract of wheat embryo, it is readily seen that yeast mixed in 
the ration in an amount as high as 10 per cent of the ration does not give as 
satisfactory growth as the same ration with the yeast replaced by the 
aleoholie extract of wheat embryo equivalent to 15 gm. of embryo per 100 
gm. of ration. The amount of unknown nitrogen consumed daily by each 
rat on the yeast ration is from 0.025 to 0.050 gm., while that consumed daily 
by each rat on the ration carrying the embryo extract varies from 
0.005 to 0.01 gm. These figures become even more significant when cal- 
culated to show the ratio of the nitrogen in the vitamine product to the 
total nitrogen of ration (Column 5 of Table I). 


TABLE II. 
Actua : amount tota 
Nitrogen 
Source of vitamine B. consumed a added to jin intake as 
daily. po ration vitamine B 
daily. product. 
qm. per cent gm. per cent 
Fleischmann’s (baker's) air-dried 0.2 5.05 0.0101 0.356 
yeast. 0.4 5.05 0.0202 |; 0.711 
0.6 5.05 0.0303 1.06 
Laboratory yeast. 0.2 8.50 0.0171 0.€02 
Fleischmann’s’ starch-free  air- 0.2 7.66 0.0153 | 0.538 
dried yeast. 0.6 7.66 0.0459 | 1.61 
Ileischmann’s special starch-free 0.2 7.66 0.0153 , 0.538 
yeast for laboratory use. 7.66 0.0306 | 1.07 


In Table II the actual nitrogen intake is calculated. Referring to Lot 9, 
Chart 2, a group of rats that approximated normal growth, it is again read- 
ily seen that their growth curves are not as good as those of Lot 6, Chart 1. 
Although the amount of nitrogen actually consumed by the individuals of 
each group is not wholly comparable because of the difference in the method 
of feeding the vitamine preparations, it can, however, be safely stated that 
the rats of Lot 9 consumed daily more unknown nitrogen than those of 
Lot 6. None of the groups included in Chart 3, which received from 0.2 to 
0.6 gm. of yeast per day, shows satisfactory growth. These amounts of 
yeast, in addition to being deficient in vitamine B, add more unknown 
nitrogen to the ration than the wheat embryo extract. 
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DISCUSSION OF RESULTS. 


Our results do not support the general belief that veast is an 
unusually valuable source of the growth-promoting vitamine B, 
or that it ean be aeeepted as a standard product in experiments in 
which a vitamine B preparation is required. That its efficteney 
depends in part upon the manner in which it is fed is shown by the 
rats of Lot 8, Chart 2, to which the veast was fed separately from 
the ration at the rate of 0.6 gm. daily. In this group almost 
normal growth was attained and some reproduction, though the 
young were not reared, while the growth of the rats of Lot 4, 
Chart 1, which received their vitamine from the same yeast but 
mixed in the ration in the proportion of 10 parts of veast in 100 
parts of ration was not as satisfactory. But even under our most 
favorable feeding conditions we have not been able to obtain as 
satisfactory growth as others have reported. 

The reasons for these results are purely speculative. Although 
the type of veast may have a bearing on its ability to absorb 
vitamine, this does not seem probable. Clark (15) has shown 
reeondy that the yeast cell quantitatively removes a growth- 
stimulating substance (bios) from wort. This may indicate the 
manner in which yeast derives the bulk of its vitamine B. A more 
reasonable view would be that the character of the wort in which 
the yeast is grown and the extent to which the yeast has functioned 
as a fermenting organism before it is removed from the wort are the 
important considerations in producing a yeast rich in vitamine 
B.2 By analogy to higher plants it seems probable that the grow- 


?Professor H. Macy of the Division of Dairy Husbandry kindly made a 
microscopic count of the total number of yeast cells per gram of yeast 
product with the following results: 


Yeast. Cells per gm. 
special starch-free for laboratories.......) 11, 360,060, 000 


Since the number of cells present does not correspond to the potency of the 
yeast as a source of vitamine B, it strengthens the assumption that it is not 
the yeast per se which is the active agent. 
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ing functioning yeast cell should contain larger amounts. of 
vitamine than the mature resting cell, or the mere budding cell. 

In our opinion, the failure of our rats to reproduce normally 
and rear their young is one of the strongest arguments against the 
use of yeast as a source of vitamine B. However, we realize that 
this may be an arbitary standard to set as each investigator has 
his own standard by which to judge satisfactory nutrition. We 
have adopted for our general laboratory practice the McCollum 
standard by which satisfactory growth is measured by the attain- 
ment of normal weight and physical well being and ability to re- 
produce and rear young at normal intervals. 

Another objection to the use of yeast as a source of vitamine B 
ix that if it is necessary to add large amounts of yeast in order to be 
certain of securing satisfactory growth, it is labor lost to expend 
a large amount of effort in securing highly purified casein, dextrin, 
and salts, and then add the entire eell contents of an actively 
growing plant. There are also serious objections to the use of 
alcoholic extracts of many of the naturally occurring foodstuffs 
as a source of vitamine B. The leaves of plants, if eut and dried 
when immature; the embryos of seeds; and all glandular animal 
tissue contain relatively simple nitrogenous compounds which 
dissolve to a certain extent In aleohol. However, this unknown 
nitrogenous material is added in smaller amounts to a purified 
ration when vitamine B is furnished by extracting wheat embryo 
with 80 per cent aleohol than when sufficient yeast is added to the 
ration to furnish this factor. 10 per cent of yeast, adding to the 
ration from 0.025 to 0.050 gm. of nitrogen daily, dees not promote 
growth as efficiently as 11.4 per cent embryo preparation which 
adds to the ration only 0.0052 to 0.01 gm. of nitrogen (Table I). 
When the yeast is fed separately from the ration, the amount of 
nitrogen added to the ration is even greater (Table II). The 
amount of unknown nitrogen is small in either case and may be of 
no special importance unless the experiment is intended to study 
the relative value of certain proteins or amino-acids. However, 
the amount of unknown material added to an otherwise carefully 
purified ration is greater and of a more complex nature when yeast 
is added than when an alcoholic extract of yeast or some other 
vitamine-containing foodstuff is employed. 
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SUMMARY. 


Yeasts from different sources have been fed to experimental 
animals to ascertain if all veasts were equally potent sources of 
vitamine B. 

Two methods of feeding the yeasts were emploved. In one, the 
veast was mixed in a purified ration which was adequate as to 
all its constituents except vitamine B. In the other, the veast was 
fed separately in the form of a pellet. The last method proved 
to be the most satisfactory. 

The rats were kept under conditions favorable for reproduction, 
but onlv in a very few instances were young produced and these 
were never reared. 

A comparison is shown between the amount of unknown nitrogen 
added to the ration when an adequate amount of vitamine B is 
fed in the form of veast and wheat embryo extract. 

A discussion of the probable reason for the failure of yeast as a 


source of vitamine B is given. 


In conclusion, we wish to acknowledge the courtesy of The 
Fleischmann Company in furnishing yeast for this work. 
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THE DETERMINATION OF URIC ACID. 


By STANLEY R. BENEDICT. 


(From the Department of Chemistry, Cornell University Medical College, New 
York City.) 


(Received for publication, August 21, 1922.) 


In his article in this number of the Journal, Folin (1) presents 
some material which may, perhaps, be so interpreted as to confuse 
the subject of uric acid determination. The data given by him 
on the recovery of ure acid added to sheep blood are, for instance, 
of little service in connection with the determination of urie acid 
in human blood. If, as Folin reports, the blood of one species 
(sheep) behaves differently at different times in regard to uric 
acid recovery, such results would hardly furnish ground for bas- 
ing a conclusion in regard to the behavior of the blood of another 
species. Indeed the contradictory results reported by Folin in 
this connection simply emphasize the fact that urie acid deter- 
mination is a different problem for the blood of each species. 
Without quite exhaustive studies upon human blood it would 
seem unwise to adopt conditions such as are advocated by Pucher 
(2) or the exceedingly slow process of protein precipitation sug- 
gested but not urged by Folin in his present paper. There is 
little reason for introducing the possibility of new errors (as in 
Pucher’s process) or of prolonging the precipitation to an in- 
terminable degree in a search for 3 or 5 per cent of uric acid which 
may or may not be lost when the original Folin-Wu process is 
applied to human blood. ‘The errors involved here, if indeed such 
occur at all in human blood, are in any case of such small magni- 
tude that they may be regarded as of no practical significance. 
This statement is based upon comparative analyses of more than 
70 samples of human blood, a portion of each of which was precipi- 
tated by (a) the Folin-Wu procedure and (6) by heat coagulation 
in 0.01 N acetic acid by immersion in boiling water and final 
dilution to a definite volume with aluminum cream, followed by 
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shaking and filtration. Variation by the two methods was very 
small, and while the heat coagulation vielded the slightly higher 
figures, certain findings indicate a question as to whether the small 
increment obtained was urie acid. The results will be reported 
in detail later only if subsequent work shall furnish more definite 
information as to the nature of the substanee responsible for the 
small fraction of a milligram inerease in the urie acid figures 
obtained. In any case I feel that the diserepaney by the two 
procedures is too small to warrant a change in the method of pro- 
tein precipitation from that proposed by Folin and Wu. And 
there appear to be no definite findings reported in Tolin’s present 
paper which would lead to any different conclusion for human 
blood. 

In the latter portion of his paper Folin adopts, with reasonable 
exactness, the present writer's technique for direet urie acid deter- 
mination in blood, and urges the use of the original Folin- Denis 
reagent. 

Folin’s implied eriticism of the present writer for employing a 
new reagent In connection with a radical departure in urie acid 
determination may justify a word or two of explanation. 
Throughout all my early work directed toward obtaining a direct 
method for the determination of urie acid, using the Folin-Denis 
reagent, progress was frustrated at practically every point by 
the turbidities predueced, and by a lack of proportionality of color 
when very little uric acid was used. Through use of the new 
reagent conditions were obtained by which it was possible to 
make a systematie study of the field whereby the very sensitive 
direct method for urie acid determination was worked out. It is 
not especially surprising that after this technique was developed 
by means of a reagent especially constructed for the purpose, 
Folin is able to find similar conditions under which he can make use 
of the old reagent. There were definite reasons why I made no 
special attempts to get back to the old reagent after developing the 
process with one which I deem more suitable. An enormous 
amount of work would have had to be duplicated to prove that 
results would be similar. Though hundreds of analyses might 
have been involved here, the crucial point was that I believed 
and still believe, that the new reagent is adequate for the purpose 
for which it was constructed, and that it possesses at least two 
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points of superiority over the old reagent. These are (a) that the 
new reagent is prepared with 20 minutes boiling as compared with 
several hours boiling necessary for the old reagent, and (b) that 
the new reagent has less tendency to turbidity than has the old. 
Folin has endeavored to meet the difficulty involved in the matter 
of greater tendeney to turbidity by three variations from my teeh- 
nique; v72., the use of lithium salts, heating for a short period of a 
definite number of seconds, and finally by a dilution to 25 ee. 
instead of the 15 ee. volume which I adopted. From a practical 
standpoint it is obvious that these modifications rather detract 
from the simplicity of the process. They are also unnecessary. 
All my reported analyses were earried out upon bloods heavily 
oxalated with potassium oxalate, and I experienced no difficulty 
with turbid solutions. If, however, turbidity should be a trouble- 
some factor in any laboratory, this may be readily overcome by 
diluting to 20 ce. instead of to 15 ce. Sueh dilution (of both 
standard and unknown) can be made either before addition of the 
reagents or immediately after the period of heating. While I 
suggested the use of sodium oxalate in place of the potassium salt, 
this departure is In no way necessary for the successful carrying 
out of the direct method. 

The arsenic phosphotungstie acid reagent is easily prepared, 
and appears to meet the demands made upon it for both blood and 
urine work. After all, the ease of preparation of a reagent. 
and its general suitability, are considerations of more importance 
than its origin or its age in the literature. The Folin-Denis re- 
agent was not the first phosphotungstie acid reagent for urie acid 
in the literature (cf. Moreigne, 1905 (3)), nor is it probable that 
any of the present reagents will be the last. 

A further point in Folin’s present paper requires comment. 
This relates to the question of the evanide solution to be employed. 
Folin mentions what I have already called attention to (4); 
viz., that fresh evanide solutions yield considerable blanks in the 
uric acid method. He further concludes that with age of the 
solution these reducing substances disappear, and recommends 
the use of a 15 per cent sodium cyanide solution which is at least 
2 weeks old. I encountered these same findings, and reported 
that the addition of a trace of ammonia to fresh cyanide solutions 
reduces the blank yielded by them to practically nothing. It is 
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reasonable to suppose from this finding that the ammonia which 
forms spontaneously in evanide solutions is responsible for the 
disappearance of the blank, and the addition of a little ammonia 
is often preferable to waiting 2 or 3 weeks. It should also be noted 
that 15 per cent eyanide solutions are very unstable. 1 began with 
the use of such a solution and found that figures for une acid in 
blood ran consistently lower as such solutions increased in age, 
until results became definitely too low for the urie acid content of 
the blood as compared with the old method. Tlence the use of a 
15 per cent solution of evanide was abandoned in favor of a 5 
per cent solution to which was added a trace of ammonia. Sueh 
2 solution decomposes very slowly, and vields safe and consistent 
results for at least 3 months or longer. Addition of sodium hy- 
droxide to this solution is quite unnecessary. 

Folin has pursued his search for a permanent standard willis 
of urie acid, and in this connection reports some very interesting 
findings concerning the urie acid-formaldehyvde standard proposed 
several years ago by Folin and Denis. While I have not been so 
impressed with the necessity of a permanent uric acid standard as 
Folin has been, it is obvious that a solution of uric acid which 
be absolutely depended upon for a period of 6 months or longer 
would be a very definite and valuable addition to uric acid analy- 
sis. This problem requires, however, the cooperation of many 
laboratories, and several years of time for its solution. Uric acid 
solutions appear to behave quite differently in different labora- 
tories. Therefore, each new solution proposed must be checked 
up by the individual worker in his own laboratory. The standard 
solution which has so far probably met with most general approval 
is the phosphate standard proposed by Benedict and Hitchcock, 
which has been found to keep for at least 2 months unless subjected 
to very unusual conditions of temperature. 

A permanent solution of urie acid might be obtained through; 
(a) lowering the dissociation of the acid to a negligible point, or 
(b) through reducing the oxygen tension of the solution to a point 
where oxidation of the uric acid is prevented. Spontaneous hy- 
drolysis of urie acid at ordinary temperatures appears to be negli- 
gible, as Folin reports aqueous solutions of urie acid (containing 
sulfite) which have remained unaltered for at least 2 years. Folin 
believes that the dissociation of the uric acid-formaldehyde com- 
pound is so low in concentrated solutions that such solutions may 
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prove to be quite permanent in their uric acid value. Of course 
there Is (as evidenced by the coior-vielding power) very appreciable 
dissociation of the formaldehyde-urie acid compound even in 
strong solution, so that theoretieally there will be some oxidation 
here. Whether such oxidation will be of moment ean be deter- 
mined only by detailed comparisons in many laboratories. Cer- 
tainly Folin’s new standard appears to be worthy of study. 

It may be of interest to desertbe a uri¢e acid solution which the 
present writer has been studying for 6 months, and which appears 
to offer promise of being reasonably permanent. In this solution 
oxidation ot the uric acid is prevented by lowering the dissocia- 
tion by means of hydrochloric acid, and by lowering the oxygen 
tension of the solution. Thus solutions of the full dilution re- 
quired for biood analysis by the new method (0.02 mg. in 5 ee.) 
have been kept for 6 months with no detectable change in urie 
acid value. The procedure for preparation of the solution is as 
follows, 

About 8 liters of the dilute standard solution required for the urie 
acid determination in blood, and containing hyvdrochlorie acid, are 
prepared as deseribed in a previous paper (4) and placed in a clean 
dry, narrow mouthed bottle of about 10 liters eapacity. This 
bottle is fitted with a tight. new, clean, 2-holed rubber stopper. 
Through 1 hole passes a long glass tube reaching nearly to the 
bottom of the bottle, and which after passing out through the 
stopper is bent sharply so that its lower end reaches somewhat 
below the bottom of the bottle on the outside. The end of this 
tube is fitted with a short piece of clean rubber tubing and a 
spring clamp. ‘Through the other hole in the stopper passes a 
second glass tube terminating an inch or more above the surface 
of the liquid in the bottle. This tube is preferably bent at right 
angles where it emerges through the stopper, and is also fitted 
with a short rubber tube and a spring clamp. A Kipp generator, 
charged with broken marble and hydrochloric acid, and fitted with 
2 wash bottle is now connected with the long tube which reaches 
nearly to the bottom of the standard solution. Both spring clamps 
on the tubes to the bottle are opened, and a moderately brisk 
stream of carbon dioxide is passed through the solution for about 
30 minutes. While the generator is still turned on, the outlet tube 
from the bottle is first closed with the spring clamp, so that carbon 
lioxide collects in the bottle under pressure. Then the inlet tube 
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is similarly closed and the generator turned off and disconnected, 
The bottle of standard solution is now placed upon a convenient 
shelf, together with the Iktipp generator. The latter is now to be 
connected with the short tube which terminates above the solution, 
and the generator stop-cock opened wide. The spring clamp which 
closed this tube is also opened, and left open. Standard solution 
ean now be withdrawn as needed by opening the spring clamp 
on the lower tube, and the volume leaving the bottle is immediately 
replaced by carbon dioxide from the generator. As the whole 
system is under pressure of carbon dioxide there is no tendeney for 
air (oxygen) to enter it at any time. The first few ee. of solution 
withdrawn are best disearded, and the rest kept in a glass-stop- 
pered bottle. This solution ean be absolutely relied upon for 2 
weeks after taking it from the large bottle. 

While the apparatus employed here may appear troublesome 
to set up, it really requires littie time or trouble, and once set up 
is exceedingly convenient. If it is desired to use the carbon 
dioxide generator for another purpose it can be removed at any 
time after closing the connecting tube with the spring clamp. 
Of course, the generator must be connected whenever standard 
solution is withdrawn, and we prefer to employ one small generator 
exclusively for this purpose. Solutions thus prepared on the Ist 
of January, 1922, and kept in uncolored bottles in a warm room 
near a radiator had lost no detectable quantity of uric acid on 
June 20, 1922, nearly 6 months later. What the limit of the keep- 
ing quality of these solutions will be under widely varying con- 
ditions ean be determined only by prolonged observation in many 
laboratories. They offer a very definite advantage in requiring no 
special dilution prior to use, and ean be made of proper strength 
for the direct determination of uric acid in urine, if desired. 
Several bottles of standard solution may be connected with a 
single generator by means of T-tubes, if desired. The hydro- 
chloric acid appears to prevent completely bacterial growth 
indefinitely. 
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A METHOD FOR THE PURIFICATION OF PICRIC ACID 
FOR CREATININE DETERMINATIONS. 


By STANLEY R. BENEDICT. 
(From the Department of Chemistry, Cornell University Medical College, 
New York City.) 


(Received for publication, August 21, 1922.) 


Some years ago Folin and Doisy! called attention to the fact 
that many commercial samples of picrie acid are unsuitable for 
use in the determination of creatinine by the micro methods, 
owing to the fact that such samples may vield a very considerable 
amount of color with alkali alone. These investigators proposed 
as a test for the purity of any given sample of picric acid that after 
addition of alkali as used in the determination of creatinine, the 
resulting solution of sodium picrate should not show a greater 
eolor than twice that of the picrie acid solution to which no alkali 
had been added. Folin and Doisy also suggested a procedure for 
the purification of picrie acid so that it would be suitable for 
creatinine determinations. The proceedure they deseribed was 
hased essentially upon repeated reerystallization of the picric 
acid as the sodium salt. 

In spite of the fact that there has been a steady demand for 
pure pieric acid for a number of years, the situation in regard to 
this product has, to the mind of the present writer, been steadily 
growing worse. Not only have the commercial samples failed to 
measure up to the desired standard as often as they formerly did, 
but many of these samples have shown no improvement even after 
most arduous attempts at purification by means of the Folin- 
Doisy process. The procedure suggested by Halverson and 
Bergeim? for purification of picric acid in another connection also 
failed to improve the commercial samples to the slightest extent 
for purposes of creatinine determination. Indeed the situation 


1 Folin, O., and Doisy, E. A., J. Biol. Chem., 1916-17, xxviii, 349. 
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in this laboratory finally became so bad that we were compelled 
either to devise a means for satisfactory purification of picrie acid 
or to abandon creatinine determinations, 

A systematic study of the question was therefore started, and 
a great number of different procedures were tried. Nearly all of 
these resulted in obtaining products which were somewhat less 
satisfactory than the products from which we started. It was 
finally found, however, that ervstallization from benzene con- 
stitutes a very satisfactory method for the purification of picric 
acid for creatinine determination. The proceedure is ideal from 
the practical standpoint, and a single crystallization from benzene 
results in obtaining an excellent picrie acid from the very worst 
commercial sample we have ever encountered. IT ollowing is the 
procedure, 

It is best to start with the ‘technical’? grade of commercial 
picric acid, and there is no need for preliminary removal of the 
10 per cent of water which such samples contain. +00 gm. of 
the moist picrie acid are placed in a 2 liter Pyrex flask and 1 liter 
of pure benzene is added. The mixture is heated to vigorous 
boiling on an electric plate with occasional shaking at first to avoid 
bumping. Soon after the boiling point is reached the picric acid 
practically wholly dissolves, leaving a residue of dirt and foreign 
material, together with the water, which settle quickly to the 
bottom when the mixture is not boiling. The hot mixture (as 
nearly boiling as possible) is poured upon a large fluted filter which 
has been previously moistened with benzene, the solution being 
poured slowly enough so that most of the foreign sediment, to- 
gether with the water, remains in the flask. This material (about 
50 ec. in volume) should be discarded, and not poured upon the 
filter. A hot water funnel is convenient for this filtration but can 
be dispensed with if necessary. If the hot water funnel is used the 
flame should be turned out just prior to beginning the filtration, 
since picric acid in benzene is a highly inflammable mixture. The 
clear filtrate should be received in a beaker of about 2 liters 
capacity. After the filtration is completed (it should not require 
more than 10 to 15 minutes) the beaker is covered with a large 
watch-glass, and heated on the electric plate until the picric acid 
which has begun to crystallize is again brought into solution. 
The covered beaker is then allowed to stand at room temperature 
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for several hours or preferably over night without agitation. 
After this period the picric acid will be found to have erystallized 
on the bottom and sides of the beaker in large hard yellow- 
brown crystals, from which the excess of benzene ean readily be 
drained without recourse to any filtration. The crystalline mass 
is washed twice by gentle rotarv shaking with 75 cc. portions of 
benzene, and the residue finally allowed to drain thoroughly for 
15 to 30 minutes. Tor the draining it is convenient to invert 
partially the beaker in a large glass funnel. The crystallized picric 
acid ean now be freed from the last of the benzene by drying in 
the air (which requires a long time and is hence undesirable in the 
average Inboratory on account of access of impurities) or better by 
placing in an air bath at about 80° for a few hours, with occasional 
stirring. The product should be finally powdered by gentle 
rubbing in a mortar, and preserved in a brown glass-stoppered 
bottle. About 85 per cent of the picric acid used is recovered in 
the purified form. The benzene may be recovered by distillation 
preferably in vacuo from a water bath. 

The above process has vielded better picric acid for creatinine 
determinations than we have been able to obtain in any other way. 
The best product prepared in this way read slightly over 14 mm. by 
the Folin-Doisy test, with the standard set at 20 mm., which is 
quite the best picric acid that we have ever seen. Starting with 
commercial samples which read 8 to 10 mm., the single crystal- 
lization above outlined will yield a product reading from 11 to 12.5 
mm., Which is amply pure enough for creatinine determinations. 

We are continuing the work to try to find just how free from 
color-yielding substances it 1s possible to obtain picric acid, and 
to attempt to identify the nature of the color-yielding material. 
Through concentrating the mother liquors it has been possible to 
obtain a product which vields a most surprising amount of color 
with alkali, and it is hoped that further work will reveal the 
nature of the substance responsible for this reaction. 


Wilks 


THE SYNTHESIS OF WATER-SOLUBLE B BY YEAST 
GROWN IN SOLUTIONS OF PURIFIED 
NUTRIENTS. 
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In a previous paper (1) it was stated that yeast could be grown 
in a solution of purified nutrients in quantities sufficient for feed- 
ing. It was of interest to determine through feeding tests with 
young rats whether such yeast would serve, as do baker’s and 
brewer’s yeasts, as a source of water-soluble B. Positive results 
would indicate the synthesis of the vitamine by the yeast cell. 

In the first test with this end in view three varieties of yeast were 
grown in Nutrient Solution 1 (1) and dried at room temperature. 
From 0.1 to 0.4 gm. of this yeast was administered daily to young 
rats that had been kept on a diet free from water-soluble B until 
they began to lose weight. The result was not decisive and a 
second test was undertaken in which the yeast grown in a sterile 
solution of mineral salts, ammonium sulfate, and cane-sugar, 
formed 2 per cent of the diet of young rats after a period of a water- 
soluble B-free diet. The observed increase in weight did not 
compare favorably with that reported by other investigators for 
commercial yeast and by Nelson, Fulmer, and Cessna (2) for 
veast grown in their synthetic medium and fed at this level. The 
latter secured a good response, as shown by their growth curves 
for young rats, on the addition of 2 per cent of veast to the basal 
diet. They concluded that yeast was capable of synthesizing 
water-soluble B when grown in a nutrient solution of the necessary 
mineral salts, ammonium chloride, and cane-sugar. 

In view of the unsatisfactory nature of the first and second tests 
and the fact that the results with yeast grown in a very slightly 
different medium did not fully substantiate those of Nelson, 
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Fulmer, and Cessna, a third test was undertaken in which several 
varieties of yeast grown under definite conditions formed a higher 
percentage of the diet of young rats. One of the earlier papers of 
Funk and Macallum (3) shows that moderately good growth curves 
with 2 per cent of yeast were much improved by increasing the 
yeast to 6 per cent. The method for the production of the yeast 
and the results obtained by feeding it at 5 per cent to growing rats 
are set forth in this paper. 


Preparation of the Yeast. 


Cultures of Saccharomyces cerevisie and Saccharomyces ellip- 
soideus were obtained from Parke, Davis and Company; cultures 
of veasts XII and Ix were furnished by the Fleischmann Labora- 
tories and one culture was plated from a commercial yeast but not 
identified. These five varieties of yeast were carried through 
from ten to twenty successive seedings in Nutrient Solution 3 
before being used for the production of the yeast in quantity. 

The nutrient solution in bulk was heated to boiling on 2 suc- 
cessive days and was measured into sterile 1 liter Erlenmeyer 
flasks and heated to boiling on the 3rd day. The amount of 
nutrient solution measured into the production flasks was such as 
would give the greatest surface area, usually 150 ec. These flasks 
were allowed to stand for several days to test their sterility and 
were then inoculated from a sterile pipette with 5 ec. of a veast 
suspension, made by agitating the contents of carefully inspected 
seeding flasks. With these precautions, possibilities of contami- 
nation were reduced to a minimum and it was necessary to 
discard surprisingly few flasks because of foreign growths. The 
production flasks were placed on shelves against the wall in a room 
with one window in an adjacent north wall, the yeast growing in 
diffused light and at room temperature. It was possible to keep 
the temperature of the room between 18 and 23° C. For the 
preparation of the seed yeast in smaller quantities a temperature 
of 24-30° C. was maintained. All the varieties grew at the 
bottom of the flasks with little or no apparent fermentation. 

The length of time between inoculation and filtration of the yeast 
varied from 4 to 7 days, depending on the temperature, the variety 
of yeast, degree of aeration, nutrient solution used, and other 
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conditions. Usually a trial flask from the shelves was filtered on 
the 5th day after inoculation to serve asanindex. The yeast was 
easily filtered by suction and washed with distilled water. The 
filter paper, with a layer of yeast cells about 7g inch thick, was 
removed from the Buchner funnel and left on absorbent paper 
until the cake began to puil away from the filter paper. The 
yeast was then readily broken into small pieces and placed on 
fresh filter paper and allowed to dry in the air at room temperature 
for 24 hours. 

The size of the seedings was obtained by filtering an aliquot part 
of the seeding suspension and weighing the washed yeast cells 
air-dry. The yield of yeast was not proportional to the size of 
the seeding nor to the volume of nutrient solution used. But for 
the five varieties of yeast grown in Nutrient Solution 3, 1 gm. of 
yeast, weighed air-dry, yielded from 15 to 18 gm. air-dry product. 
The time of production was shorter and fermentation more evident 
in Nutrient Solutions 4, 5, and 6, but the yield of yeast was not 
greater than in Nutrient Solution 3. 


Nutrient Solution 8. 


1 liter distilled water. 
50 gm. cane-sugar (Domino). 
2 potassium dihydrogen phosphate, c.pP. 
2.55 “ ammonium sulfate, c.p. 
0.25 “ ealeium chloride, c.p. 
0.25 magnesium sulfate, c.r. 


Nutrient Solution 4.3 
360 gm. Porto Rican molasses substituted for 50 gm. 
Domino sugar in Nutrient Solution 3. 
Nutrient Solution 5. 
0.1 gm. Bacto-peptone (Difco) added to | liter of 
Nutrient Solution 3. 
Nutrient Solution 6.' 


A centrifuged water extract of equal weights of malt 
and rye, containing approximately 0.03 gm. solids 
per cc. of extract. 


1 Nutrient Solutions 4 and 6 were made by Miss M. Koch, and the samples 
of Saccharomyces cerevisiew grown in them were prepared by her. 


246 Synthesis of Water-Soluble B 


Basal Diei (4). Salt Mixture 185 (4). 
per cent qm. 
Salt mixture 185........... 3.7 (anhydrous)...... 0.266 
0.118 
Calcium lactate.......... 1.300 


Feeding Test.” 


Young rats weighing 60 to 70 gm. were placed on a basal diet 
adequate for growth in every respect excepting that it lacked 
water-soluble B (4) until they began to decline in weight. This 
constituted Period 1 on Charts 1, 2, and 3. During Period 2, 5 
per cent of veast replaced that amount of dextrin in the basal diet. 
In compounding the ration air-dry yeast was ground in a mortar 
and thoroughly mixed with the other ingredients. 

Chart 2, Lot 3322 C shows the growth curve of a control rat 
that was kept on the basal diet until quite feeble. During Period 
2 it reeeived a ration in which 4 per cent of wheat embryo replaced 
that amount of dextrin in the basal diet. 

The rats were allowed free access to a weighed quantity of food 
and the actual amount eaten determined by weighing what was 
not consumed three times a week. The food consumption was 
about normal. While the animals gained in weight their coats 
were not sleek nor was their general appearance up to standard. 


DISCUSSION. 


Of the many papers reporting the use of yeast as the source of 
water-soluble B, only a few typical ones are cited. Osborne and 
Wakeman (5) found that voung rats declining on a diet free from 
water-soluble B recovered promptly on the addition of brewer's 
veast extract equivalent to 0.2 gm. of veast; and Hawk, Fishback, 
and Bergeim (6) secured an “immediate and pronounced increase 
in body weight”? on the addition of 5 per cent of dried baker’s 
veast to the vitamine B-free diet of young rats. The growth 


2? The tests were conducted with the help and advice of Miss Nina 
Simmonds. 
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curves of Charts 1 to 3 compare favorably with those reported by 
these investigators. More recently Kennedy and Palmer (7) 
after long continued feeding of veast have expressed doubt as 
to the “suitability of veast as a souree of vitamine-B in nutrition 
experiments’’ because of its variability. 

Whether the yeast grown without vitamine would be a satis- 
factory source of water-soluble B for a long period has not been 
determined. For the limited time of this test the growth curves 
of the rats reeeiving veast grown in Nutrient Solution 38 do not 
differ markedly from those of rats receiving yeast from Nutrient 
Solutions 4, 5, and 6. It would seem that, in as far as its content 
of water-soluble B is coneerned, yeast grown in solutions of 
purified nutrients is much like yeast grown in other mediums. 
There can be no doubt that the rats in this test received a supply 
of water-soluble B during Period 2. Those of Lots 3320 A, 3320 B, 
3320 C, 33521 A, and 3321 B, received yeast grown in Nutrient 
Solution 3; and the vitamine B this yeast contained was synthe- 
sized by the yeast cells. 

The results obtained by feeding five varieties of yeast amplify 
the findings of Nelson, Fulmer, and Cessna (2) and make general 
their conclusion for one variety of yeast. 


The work was suggested by Dr. IX. V. MeCollum, and the 
author wishes to acknowledge the many benefits reccived through- 
out the investigation. 
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STUDIES ON EXPERIMENTAL RICKETS. 


XXIII. THE PRODUCTION OF RICKETS IN THE RAT BY DIETS 
CONSISTING ESSENTIALLY OF PURIFIED FOOD 
SUBSTANCES. 


By E. V. McCOLLUM, NINA SIMMONDS, anv J. ERNESTINE 
BECKER, 


(From the Department of Chemical Hygiene, School of Hygiene and Public 
Health, the Johns Hopkins University, Baltimore.) 
AND P.G. SHIPLEY. 


(From the Department of Pediatrics, the Johns Hopkins University, 
Baltimore.) 


(Received for publication, August 26, 1922.) 


The experimental diets employed for the study of the etiology 
of rickets in this country and in England, have invariably consisted 
wholly or in great part of natural food substances. Since the 
individual foods which were employed have been studied by 
methods which reveal in great measure their specific dietary 
properties, it seemed possible to interpret satisfactorily the nature 
of the deficiency of these diets and hence the etiological factors 
operating in the causation of rickets. 

However, too little is known of the science of nutrition to elimi- 
nate from the minds of critical students the possibility that when 
natural foods are used in feeding experiments, unappreciated 
factors may be active in inducing pathological states. Our own 
studies of the past year have revealed the existence of a distinct 
nutritive principle which has been confused hitherto with the vita- 
min A. Such results tend to discourage the acceptance of the 
interpretations as final which now appear as satisfactory to account 
for malnutrition of specific types. 

In studying the etiology of rickets we have attempted to avoid 
error, by always employing diets with essentially like character- 
istics, derived from widely different kinds of natural foods, supple- 
mented in various ways with isolated food substances. We felt 
that if the same histological conditions were produced in all cases 
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by experimental diets which we believed to have the same proper- 
ties regardless of the sources from which the diets were derived, 
we were justified in drawing conclusions about the relations of the 
faults in the food to the structure of the bones. We hoped by 
this procedure to supply strong confirmatory evidence of the cor- 
rectness of our conclusions, or to discover discrepancies in our 
results which would point the way to specific information which 
would extend our knowledge of the food substances which we had 
used. 

We employed on the one hand, many diets derived from cereal 
grains, legume seeds, isolated proteins, inorganic salts, and fats 
from various sources, and on the other hand a series of diets in 
which liver, casein, and dextrin formed the principal components. 
These diets were supplemented in many ways with isolated food 
substances. The results presented in the earlier papers of this 
series of studies on rickets, rest upon observations on the bones of 
rats fed nearly 1,000 modifications of such diets. As our experience 
broadened, we found it possible to predict with certainty the 
changes which would occur in the skeleton as the result of restrict- 
ing a young rat to a diet so constituted as to have deficiencies of 
certain definite kinds, no matter what materials the diet was com- 
posed of. 

In order to check the accuracy of our conclusions based upon 
feeding diets derived principally from foods of a complex character 
as they occur in nature, we have extended our studies to include 
the effects of feeding diets consisting essentially of purified food 
substances. The experiments here discussed were carried out 
under hygienic conditions as respects temperature, cleanliness, 
ventilation, opportunity for exercise, and absence of direct sun- 
light, comparable to practically all those previously reported. 

The detailed study of the influence on metabolism of modify- 
ing the amounts and proportions of the several mineral elements 
in the diet is extremely complex. Much time and labor must be 
invested in this line of study before sufficient data can be secured 
to make it profitable to discuss the subject in detail. It is, how- 
ever, of interest to report at this time, the production of rickets 
in young rats restricted to a diet consisting essentially of isolated 
food substances. 

The diets employed in the experiments here described had the 
following compositions: 
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Lot 3407. 

per cent 
Wheat germ (extracted with ether and chloroform).......... 3.0 

Lot 3408. 

per cent 
Wheat germ (extracted with ether and chloroform)......... 3.0 


* The gelatin employed was Bacto-gelatin, manufactured by The Diges- 
tive Ferments Company. It contained 0.12 per cent of phosphorus and 
was essentially free from other inorganic elements. 


Animals on these diets showed marked signs of rickets at autopsy. 
On histological examination all the characteristic features of the 
disease were found in the bones; v7z., overgrowth of the cartilage, 
and absence of the provisional zone of calcification. There was 
invasion of the cartilage disc by blood vessels with a resulting 
irregularity of the epiphyseodiaphyseal line. The metaphysis 
was typically rachitic, and there was overproduction of osteoid 
tissue without signs of abnormal activity in resorption. 


TABLE I. 
Inorganic Constituents of the Diets. 
Gm. per 100 gm. of ration. 
| Weight Atomic 
lotNo. K Na Ca Mg | S Cl P ratio ratio 
Ca: P. Ca: P. 
gm. gm. gm. gm. gm. gm. gm. 
3407 | 0.533) 0.517) 1.202) 0.010) 0.173) 0.781) 0.217) 1:0.181 | 1:0.223 
3408 | 0.533) 0.411) 1.202} 0.010) 0.121) 0.781) 0.088; 1:0.073 | 1:0.094 
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Composition of Salt Mixture XXI. 


The small amount of wheat germ contained in the above rations 
was employed rather than an extract containing the vitamin B, 
beeause only a very incomplete separation of the vitamin from con- 
taminating substances has been accomplished. The employment 
of an extract of wheat germ, would we believe, offer little or no 
advantage from the standpoint of interpreting the results, over 
the inclusion of 3 per cent of fat-free wheat germ. 

The animals restricted to these diets developed xerophthalmia 
notwithstanding the presence of sufficient fat-soluble A to cover 
the minimum nutritive needs of the rat. We have described else- 
where! the occurrence of this ‘‘salt ophthalmia.”’ 


1 McCollum, E. V., Simmonds, N., and Becker, J. J. Biol. Chem., 
1922, lili, 313. 
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STROPHANTHIN. 
I. STROPHANTHIDIN. 


By WALTER A. JACOBS anp MICHAEL HEIDELBERGER. 
(From the Laboratorics of The Rockefeller Institute for Medical Research.) 


(Received for publication, July 27, 1922. 


The classical studies of Fraser’ and the confirmatory work of 
Feist? on the Kombé arrow-poison have shown it to contain a 
glucoside, strophanthin, which yields on hydrolysis a erystalline 
substanee, strophanthidin, and reducing sugars. Although Fraser 
worked at a time when botanical classification was uncertain, it 
is now conceded that his material was in the main Strophanthus 
kombé. More recent comparative studies? have demonstrated that 
the glucosides of Strophanthus kombé and Strophanthus hispidus 
are closely related since they yield the same strophanthidin on 
hydrolysis. More recently Windaus and Hermanns‘ have found 
that the eymarin of Apocynum cannabinum is also a glucoside 
of strophanthidin (eymarigenin). Strophanthidin is thus seen to 
be a component of a number of glucosides which possess a charae- 
teristic action on the heart, and further study of its still obscure 
chemistry is of interest especially since there is suspicion of its 
close relationship to the still little understood members of the 
digitalis series. 

Feist, who was the first to attempt a careful inquiry into the 
nature of the substance, deduced the formula C.;H.s0; + 23 HO. 
The difficulty which he experienced in preparing the anhydrous 


1 Fraser, T. R., Strophanthus hispidus; its natural history, chemistry, 
and pharmacology, Edinburgh, 1891. Fraser, T. R., and Dobbin, L., 7r. 
Roy. Soc. Edinburgh, 1891-93, xxxvii, 1. 

2 Feist, F., Ber. chem. Ges., 1898, xxxi, 534: Ber. chem. Ges., 1900, xxxiil, 
2063, 2069, 2091. 

3 Heffter, A., and Sachs, I°., Biochem. Z., 1912, xl, 83. Brauns, D. H., 
and Closson, O. E., J. Am. Pharmaceut. Assn., 1913, ii, 489, 604, 715. 

4 Windaus, A., and Hermanns, L., Ber. chem. Ges., 1915, xlviii, 979, 991. 
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substance by ordinary means was overcome by the preparation of 
a form containing methyl alcohol of crystallization whieh was 
readily driven off. The lactone nature of the substance was 
determined by its behavior toward alkali. The resulting acid 
when liberated was not isolated as such but lost water with the 
formation of a new crystalline isomerie lactone Which he ealled 
strophanthidinie acid lactone. The only other definite product 
studied by him was a crystalline strophanthie acid which resulted 
from the oxidation of strophanthidin with permanganate in 
alkaline solution and for which he adopted the incorrect formula 

On the basis of analysis and titration of strophanthidin as well 
as data obtained from the glucoside, cymarin, itself, Windaus 
and Hermanns have more recently derived the formula C23H4,0; 
+ 13 H.O for the air-dry substance. They likewise experienced 
difficulty in obtaining the anhydrous substance but since long 
drying in vacuo at 110° caused a loss of water corresponding to 
13 mols, they concluded that it has, when anhydrous, the com- 
position, C.3;3H300;. Contrary to these workers we have experienced 
little difficulty in drying the substance to constant weight 7n vacuo 
at 110° over phosphorus pentoxide and we have noted a loss in 
weight corresponding to only 4 H:O. Similar observations have 
already been recorded by Brauns and Closson,*? who, however, 
accepted the older formula of Feist. Our analytical data force 
the conclusion that anhydrous strophanthidin possesses the formula 
C.3H320.% and that the loss in weight corresponding to 13 H.O noted 
by Windaus and Hermanns was in part the result of decomposition. 
This conclusion is supported by the analysis of strophanthidin 
benzoate which these workers reported and which we have con- 
firmed, and also by the analytical data obtained with all the deriva- 
tives to be described below. By way of confirmation of the choice 
between the C.; formula and the original Co; formula of Feist we 
believed that the preparation and complete analysis of the 
p-bromobenzoate should prove quite conclusive. The result 
confirmed the formula 

On reduction with palladium and hydrogen strophanthidin 
yielded a dihydro compound, C.;3H3,O¢, which was isolated as a 
mono- and a dihydrate. Although the reaction required an 
unusual time for completion and a relatively large amount of 
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colloidal palladium, it seems probable that the point of attack was 
a double bond. The reduction of a carbonyl group seems excluded 
since only a monobenzoate was obtained by benzoylation of the 
hydrogenated compound. Contrary to Feist and Fraser, Windaus 
and Hermanns state that strophanthidin reacts with ketone 
reagents, but they were unable to isolate definite products. We 
have on the contrary prepared the crystalline oxime and the 
phenyl and p-bromophenylhydrazones of this substance which 
definitely prove the presence of a carbonyl group. From all indica- 
tions this is ketonic in character. 

Finally, our analyses show that isostrophanthidin  (isocy- 
marigenin of Windaus and Hermanns or strophanthidinic acid 
lactone of Feist), like strophanthidin, possesses when anhydrous 
the formula C.3;H3.0¢. In accord with this the formula of iso- 
strophanthidin benzoate was found to be C390H36Qz. 

At present it may be concluded that strophanthidin, although it 
may have at least one double bond, possesses mainly a saturated 
alicyclic skeleton. Of the six oxygen atoms, two are accounted for 
by the lactone group, one by a carbonyl group, and one by an 
alcoholic group. 


EXPERIMENTAL. 


Strophanthidin.—Strophanthus kombé seeds, purchased on the 
open market, were ground, defatted with gasoline and then 
exhaustively percolated with 70 per cent alcohol. The resulting 
extract was concentrated under diminished pressure to a thick 
syrup® which was then worked up in portions of 500 gm. In each 
case this amount was dissolved in 1 liter of warm water. The 
solution was cooled and treated with basic lead acetate solution 
as long as a precipitate formed. At first crude strophanthin was 
precipitated from the filtrate and washings with an excess of solid 
ammonium sulfate according to Thoms,® but this added purifica- 
tion was soon found to be unnecessary for the preparation of 
strophanthidin. Instead the above filtrate and washings were 
treated with sufficient 25 per cent sulfuric acid to precipitate the 
dissolved lead and then filtered. Concentrated hydrochloric 


> The large scale operations were performed for us by Schieffelin and Co. 
of New York. 
* Thoms, H., Ber. pharm. Ges., 1904, xiv, 104. 
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acid was added to the filtrate until the latter became just acid to 
Congo red, an excess of acid being carefully avoided. The 
mixture, the volume of which was about 1,500 ec., was then 
heated on the water bath for 3 to 4 hours at 70-80°. The olive- 
colored solution slowly deposited the crude strophanthidin as 
lustrous plates which were somewhat tinged with green. The 
collected crystals were washed with water and air-dried. The 
yield of crude product was about 25 gm. from each kilo of seeds, 

When recrystallized from 95 per cent alcohol the substance was 
readily purified and formed stout rhombie crystals which agreed 
essentially in all properties with those recorded in the literature. 
Its specific rotation was found to be 


[a]° = + 43.1° (c = 2.796 in methyl alcohol.) 


As a rule it melted with effervescence at about 171—175° although 
the exact point depended upon the rate of heating. Occasionally 
we have obtained crystals which scarcely sintered at this point 
and melted at about 230°. In either case the air-dried material 
contained 0.5 mol of water of crystallization which it gradually lost 
when heated under 20 mm. pressure at 100—110° over phosphorus 
pentoxide, with accompanying slight discoloration. Contrary to 
- Windaus and Hermanns? no further loss of water was observed on 
continued heating even at a pressure below 1 mm. except in cases 
where sulfuric acid was used as the drying agent. Here extensive 
decompositon occurred, as shown by the formation of a dark brown 
resin which no longer had the physical properties of strophanthidin. 
Brauns and Closson® likewise found no difficulty in removing the 
water of crystallization which they considered to be 1 molecule 
on the basis of Feist’s? old formula, C2;H330;. Our analytical 
data, as well as those of Brauns and Closson, obtained with anhy- 
drous strophanthidin, agree just as well for the formula C2;H320¢ 
which we adopt. 
Atr-dry substance. 

HO. Caleulated. C 66.79, H 8.05. 

Found, (a). ‘“ 66.65, “ 7.91. 

(b). “ 66.59, 7.82. 

Anhydrous substance. 


CaoH3205. Calculated. C 68.27, H 7.98. 
Found, (a). ‘“ 68.24, “ 8.12. 
3 (b). “ 68.14, “ 8.18. 
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Strophanthidin PBenzoate-——This was prepared essentially ac- 
cording to the method used by Windaus and Hermanns. To the 
properties recorded by these workers we may add _ that the sub- 
stance is easily soluble in chloroform and acetone and sparingly 
so in the cold in methyl and ethyl alcohols. In concentrated 
sulfuric acid it gives an orange-red color which changes to a 
brown-orange. 

Our analysis of this substance dried 7n vacuo at 110° accords with 
the results of Windaus and Hermanns and gives the formula 
The air-dry substance, however, contained 
and gave 


[a]* = + 47.8° (c = 1.087 in acetone.) 


Air-dry substance. 
13 H2O. Calculated. H.0 5.05. 
Found. 4,08. 

Anhydrous substance. 
C39H 3.07. Calculated. C 70.85, H 7 
Found, (a). “ 70.70, “7 


14 
20 


Strophanthidin p-Bromobenzoate.—2 gm. of strophanthidin were 
dissolved in 30 cc. of pyridine and the chilled solution was treated 
with 2 gm. of p-bromobenzoy! chloride dissolved in ether. After 
24 hours the ester was precipitated with water. After digesting 
the collected precipitate with dilute carbonate it was filtered off 
and washed with water. The careful addition of water to the 
solution in hot acetic acid caused the separation of a rapidly crys- 
tallizing gum. The air-dried substance is sparingly soluble and 
contains 1 molecule of water of crystallization which is readily 
removed in vacuo at 110°. The anhydrous substance melts 
at 222-224° with decomposition and gives 


[a]* = + 42.0° (c = 1.094 in acetone.) 


The analysis of this substance makes possible a definite and final 
decision between the formula C3 .H;;0;Br based on that for 
strophanthidin of Co;H320, and the one based on the formula of 
Feist; 1.€., 
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Atr-dry substance. 
C3oH3;0;Br-H20. Calculated. 2.98. 
Found. 
Anhydrous substance. 
C3o0H;;0;Br. Calculated. C 61.31, 116.01, Br 13.61. 
Found, (a). “ 61.07, “ 6.02, * 13.87. 
Strophanthidin Oxime.—The oxime was readily obtained by 
boiling for several hours a solution of equivalent amounts of 
strophanthidin and hydroxylamine hydrochloride in alcohol con- 
taining sufficient sodium acetate. Reerystallized from alcohol 
it forms minute, colorless, glistening prisms which melt and 
slowly effervesce at 270-275°. It is easily soluble in pyridine 
and dissolves less readily in aleohol and acetie acid. In concen- 
trated sulfuric acid the solution is at first yellow and changes 
through orange to a red shade. 
[e]* = + 71.3° (c = 1.009 in pyridine.) 
Caleulated. C 65.83, H 7.95. 
Found, (a). “ 65.95, “ 7.98. 
Strophanthidin Phenylhydrazone.—A solution of 2 gm. of stro- 
phanthidin in 20 ec. of absolute alcohol was treated with 1 gm. 
of phenylhydrazine. On allowing the mixture to evaporate 
spontaneously at room temperature a crop of large stout prisms 
formed. Recrystallized from 95 per cent alcohol the hydrazone 
separates as colorless, glistening, well formed prisms which sinter 
slightly at about 175° and melt at 230—232° to a liquid filled with 
bubbles. It dissolves readily in chloroform, acetone, and alcohol. 
and but sparingly in ether or benzene. In concentrated sulfuric 
acid it gives a greenish vellow color which changes through brown 
to red and finally to purple. 
[a]? = —5.0° (ec = 1.000 in chloroform.) 


Air-dry substance (dried at 100° in vacuo over H2SQ,). 
2 H.0. Calculated. H,O 6.79. 
Found. 
Anhydrous substance. 
C29H3s035Nz. Calculated. C 70.42, H 7.79, N 5.67. 
Found, (a). ‘* 70.30, “ 7.60, “ 5.91. 
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Strophanthidin p-Bromophenylhydrazone.—Equimolecular amounts 
of strophanthidin and p-bromophenylhydrazine were dissolved in a 
small volume of acetic acid. Shortly, on rubbing, crystallization 
started, the hydrazone forming glistening, colorless rhombs which 
retained solvent of crystallization. When recrystallized from 
methyl aleohol the acetie acid in the compound is replaced by the 
alcohol, yielding stout pointed prisms which soften to a vitreous 
mass from 180-185° and are not completely molten until 200° is 
reached. The substance dissolves easily in alcohol and acetone, 
less readily in chloroform and ether, and very sparingly in benzene, 
forming a gum before dissolving in these solvents. In concen- 
trated sulfuric acid it dissolves with a light brown color which 
changes first to red, then to a dirty purple, and finally becomes 
green. 

=+105.5° = 1.004 in chloroform.) 


Atr-dry substance (dried at 100° in vacuo over H2SQx,). 
Calculated. CH;0H 7.72. 


9 
Found. roe, 


~] 


Anhydrous substance. 
CegH37OsNeBr. Calculated. C 60.71, H 6.51, N 4.89, Br 13.93. 
Found, (a). ‘“ 60.78, “ 6.42, “ 5.18, © 13.73. 
(b). 60.96, “ 6.42. 


Dihydrostrophanthidin.—15 gm. of carefully purified strophan- 
thidin were dissolved in 300 ce. of pure methyl alcohol, treated 
with a solution of 0.5 gm. of colloidal palladium in 50 per cent 
methyl alcohol, and shaken in a reduction apparatus in an at- 
mosphere of hydrogen. Absorption of the gas, which occurred 
at the rate of 20 ce. for the Ist hour, rapidly decreased to a rate of 
5to8ce. perhour. After 3 days, an additional 0.5 gm. of colloidal 
palladium was added. This caused, however, only a temporary 
acceleration of the hydrogen absorption. After 2 weeks this had 
practically ceased, a total of 945 ce. having been absorbed, an 
amount which is not far removed from 1 mol, especially where 
leakage over so long a period was unavoidable. The solution 
was acidified with a few drops of acetic acid and the coagulated 
palladium was filtered off. After boiling off the alcohol from the 
filtrate a mixture of oil and water remained which was boiled 
with 1 liter of water and a little bone-black. The filtered solution 
formed an emulsion which slowly crystallized when allowed to 
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cool and berubbed. After collecting, washing with water, and dry- 
ing, the yield was 12 gm. Recrystallized from a small volume 
of 50 per cent alcohol, the substance separates as a dihydrate 
in the form of glistening rhombic prisms. It melts and effervesces 
at 100—103°, then resolidifies and again melts with effervescence at 
145-147° or merely sinters at this point and then melts at about 
190-195°, depending upon the rate of heating. It dissolves readily 
in alcohol, acetone, and acetic acid, not so easily in chloroform, 
hot water, and hot benzene, and but sparingly in ether. In methy] 
alcohol | 


[a]* = +34.85° (c¢ = 1.004). 


In concentrated sulfuric acid dibydrostrophanthidin gives a 
bright red-orange color of a much brighter, clearer, and permanent 
tint than that given by strophanthidin. The latter gives at first a 
dirty orange with a greenish tinge, later becoming a deep brown- 
red. Although it retains its water of crystallization even after 
long exposure to air, the substance loses this completely in a few 
hours at room temperature in a vacuum desiccator over sulfuric 
acid. The resulting product melts at 190-195° and is anhydrous 
since it loses but little more when heated zn vacuo at 110° over 
phosphorus pentoxide. 


Atr-dry substance (dried at first at room temperature and finally at 100° 
tn vacuo over HeSQO,). 
Caleulated. H:O 8.14. 
Found. ihe 


Anhydrous substance. 
Co3H 340. Calculated. C 67 .99, H 8.44. 
Found. ‘68.20, “ 8.43. 


A different hydrate was also obtained by maintaining an aqueous 
solution near the boiling point for some time with occasional 
rubbing. Characteristic rhombs were formed containing 1 mole- 
cule of water of crystallization. These were dissolved in a small 
volume of warm 50 per cent alcohol, treated with hot water to 
turbidity, and seeded. This form, when rapidly heated, melts 
and effervesces at 145-147°, and then resolidifies. If the rate of 
heating is too slow it merely sinters at this point and melts at 
190-195°. In solubilities it resembles the dihydrate with the 
exception of its lower solubility in hot water. 


- 
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Air-dry substance (dried at 100° in vacuo over H2SO,). 
Co3H3,06-H2O. Calculated. H.O 4.24. 
Found. 
Anhydrous substance. | 
C.3H3,0.. Caleulated. C 67.99, H 8.44. 
Found. “ 68.02, “ 8.37. 
Dihydrostrophanthidin Benzoate-—This substance was prepared 
like the corresponding strophanthidin derivative. Reerystallized 
from 85 per cent alcohol it forms minute glistening prisms which 
melt with effervescence at 225-227° and are soluble in chloroform 
and acetic acid and less readily so in alcohol and benzene. 
Caleulated. C 70.55, H 7.50. 
Found, (a). “ 70.70, “ 7.51. 
Tsostrophanthidin.—(Strophanthidinie acid lactone of Feist, 
isocymarigenin of Windaus and Hermanns.) This was prepared 
in about 50 per cent yield by a method which was essentially that 
used by Windaus and Hermanns for the preparation of isocymari- 
genin. The air-dry material contains water, which, contrary to 
these workers, is readily removed on drying the substance 7n vacuo 
at_ 100° over phosphorus pentoxide. The analytical data indicate 
that the air-dry material possesses the same formula as stro- 
phanthidin, Co3H320 6° 3 
[a]* = +36.2° (c = 0.705 in methyl alcohol.) 
Atr-dry substance. 
C23H3206-3H20. Calculated. H:O 2.18. 
Found. wom 
Anhydrous substance. 
Co3H320.5. Calculated. C 68.27, H 7.98. 
Found, (a). ‘“ 68.49, “ 8.04. 
ms (b). “ 68.75, “ 7.88. 
Tsostrophanthidin Benzoate.—Isostrophanthidin was benzoylated 
as in previous cases. When recrystallized from alcoho], in which 
it is very sparingly soluble, the benzoyl derivative forms rosettes 
of microscopic leaflets which melt with preliminary sintering at 
about 270° when rapidly heated. It is soluble in chloroform 
and acetone, less readily in acetic acid. 
[a] = +38.0° (c = 1.002 in chloroform.) 


C30H 3507. Calculated. C 70.83, H 7.14. 
Found. “ 70.98, “ 7.08. 
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INTRODUCTION, 


That the reaction of the blood is alkaline and that, as a result, 
a considerable quantity of acid may be added to it before it will 
show an acid reaction to litmus or to most of the common indi- 
eators has been known for a long time. That a measure of such 
titratable alkalinity was desirable was immediately apparent and 
several attempts were made to devise methods for this purpose.! 
The simplest of these involved only the addition of standard acid 
to the diluted blood until an acid reaction to the indicator test 
paper was obtained. In various modifications of this method, 
plasma or serum was used instead of blood, provision was made 
for removal of carbon dioxide or the proteins were precipitated 
by the use of neutral salts or of aleohol. These protein precipi- 
tates always included various ions, not in exact equivalence, the 
loss of which from the solution affected the value of the titra- 
tion. When the proteins were not removed, their buffer action 
obscured the end-point. 

That the carbon dioxide content of the blood or plasma could 
be used as a measure of the blood alkali was soon recognized and 
several attempts were made to devise suitable methods for this 
determination, either directly in the blood or plasma or, indirectly 
by determining the carbon dioxide content of the alveolar air 
which is in equilibrium with arterial or venous blood. Since 
the method of Van Slyke and Cullen for the determination of the 
carbon dioxide-combining power of the plasma was published, 


1 For references to the older literature see Van Slyke and Cullen (1). 
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its simplicity and accuracy have brought it into general use and 
it has not only practically supplanted all other methods but has 
made possible both clinical and experimental observations for 
which no other method could have been employed. 

Nevertheless, the method is not free from objections. To 
obtain aecurate results, the blood must be collected without stasis 
and the plasma must be separated without loss of carbon dioxide. 
Both of these conditions are often difficult to realize and, fre- 
quently, no serious attempt is made to do so. It often happens 
that the blood is almost completely reduced when collected and 
is then received and centrifuged without precautions to prevent 
the eseape of carbon dioxide. The errors resulting tend to neu- 
tralize each other but the exact resultant, in any given case, cannot 
be definitely known. After separation, the plasma is saturated 
with the operator’s alveolar air or with a mixture of air and car- 
bon dioxide containing the latter at 40 mm. tension. If the al- 
veolar CO, tension of the subject is not 40 mm., or the same as 
that of the operator, another error is introduced as was pointed 
out by Joffe and Poulton (2) and by Peters and Barr (3). 

This last objection is obviated by the use of Van Slyke’s later 
methods (4). In one of these, the bicarbonate content is calculated 
from the total CO. content and the pH determined by Cullen’s 
colorimetric method (5) by the use of the formula BHCO3 = (total 


10 pif pki 

which is derived from Hasselbalch’s equation 
BHCO. 

pH = pk + log Go * In the other method, after addition 


of an excess of acid to the plasma and removal of the COs, the 
diluted, acidified plasma is titrated back to the reaction of another 
sample of plasma that has only been diluted. But to use either of 
these methods it is essential that the blood be collected absolutely 
without stasis and that the piasma be separated with absolutely no 
loss of COs. These requisites are probably not realizable under 
clinical conditions. 

The determination of the COs capacity of the blood at a definite 
CO: tension, as employed by Henderson and Morriss (6), has 
not come into general use; perhaps because the procedure is not 
so simple as that for a similar determination in the plasma. 
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Principles upon Which Proposed Method Is Based. 


The cations of the blood, represented by B, are combined with 
anions such as ’Cl, ’SQ,, 7H»2POx,, proteins, lipoids (?), and ’HCOs. 
If a suitable acid precipitant (HA) be added, the proteins are 
precipitated and combined with the acid precipitant, the lipoids 
are carried down with this precipitate and in the filtrate are found 
BCI, BH. PO,, BA, and excess HA. The equations may be written 


BHCO; + HA = BA + H.CO; 
B.HPO, + HA = BH,PO; + BA 
COOB COOH 


Protein + 2HA = Protein + BA 


If now, the excess of free acid (HA) in the filtrate be determined 
by titration with standard alkali and a suitable indicator and then 
the total amount of precipitating anion, free and combined, in 
the same filtrate be determined by a suitable method, the differ- 
ence will represent the amount of (A) in the filtrate that is combined 
with (B) derived from the blood. By a suitable choice of indi- 
eators, the amount of buffers (phosphoric acid, etc.) in the filtrate 
may be estimated. 

Since the desired value is the difference between the two quan- 
tities actually determined, it is obvious that these should be kept 
low in order that the sum of the errors inherent in their deter- 
mination should not be too large a fraction of the difference. 

Of all the protein precipitants tried, only picrie acid appears 
to fulfill the requirements. Only a small excess is required and 
this is readily titrated with 0.01 n NaOH and even with 0.005 
N NaOH with methyl red as indicator, or with the former to neu- 
tral red, phenol red, or thymolphthalein. The total of free and 
combined pierie acid can be determined gravimetrically as ni- 
tron picrate (7) or volumetrically by tritration with titanous 
chloride (8, 9). Attempts at a colorimetric method depending 
upon the color of the picric acid, of its reduction products, or of 
isopurpuric acid were all unsuccessful. Titration with night 
blue (10) was also unsatisfactory, for it was found that the com- 
position of the night blue picrate varied with the conditions of 
the precipitation. 
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Towards methyl red, picric acid behaves strictly as a mono- 
basie acid, the calculated value being obtained on titration with 
NaOH. But as the reaction becomes more alkaline, increasing 
amounts of alkali are bound so that the alkali value of the picric 
acid must be determined by experiment. It varies somewhat 
with the concentration and possibly with the presence of other 
salts so that the final results with indicators having a color change 
above pH 6.0 are not quite so accurate as those obtained with 
methyl red. 


Usefulness of the Different Indicators. 


The different indicators may be used to serve different purposes, 
Methyl red gives the most closely agreeing duplicate determina- 
tions and can be used with as little as the equivalent of 0.3 ce. 
of blood. However, the end-point, pH 6.0, is outside the physi- 
ological range. As nearly as can be determined with the aid of 
phosphate solutions and of sodium picrate, the end-point shown 
by phenol red is very nearly pH 7.4, the reaction of normal blood. 
The phosphoric acid and other buffers are then most nearly in 
the condition in which they exist in the blood. The blue color 
of brom-thymol blue also appears at about pH 7.4 but the change 
is no sharper than that with phenol red and it cannot be followed 
by the use of thymolphthalein in the same sample. Neutral 
~ red was used early in the work but was discarded as offering no 
advantages over phenol red. 

The value obtained with the use of thymolphthalein changes 
more rapidly as acid is injected, in vivo, than does that obtained 
with either of the other indicators and, therefore, may prove to 
be of greater clinical value as an indicator of acidosis, although 
the end-point is outside the physiological range. 


Directions. 
(a). Gravimetric Method, Using Nitron. 


If available, 5 ec. of the oxalated blood are measured into a 
50 ec. volumetric flask and are diluted with about 10 ce. of 
water. About 30 ec. of 1 per cent picric acid solution are then 
added, with shaking, and the mixture is diluted with water to 
the mark. The mixture may be filtered in 30 minutes, or, if 
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shaken frequently, in 10 minutes or less. 30 ec. of the filtrate 
are heated to boiling in a 150 ec. Erlenmeyer flask, cooled in water, 
and then titrated with 0.01 N NaOH, using 4 drops of 0.01 per 
eent methyl red as indicator. After the end-point has been 
reached, 4 drops of 0.01 per eent phenol red are added and a 
second titration is made to the appearance of a definite orange 
color. Finally, 8 drops of 1 per cent thymolphthalein may be 
added and a third titration obtained. Daylight or light from a 
‘Daylite lamp”? should be used. The liquid is then strongly 
acidified with acetic acid, heated to boiling, and the piecrie acid 
is precipitated by the addition, from a dropping tube, of a 1 per 
cent solution of nitron in 10 per cent acetic acid. The precipitate 
is filtered out on a tared Gooch crucible, is washed with water, 
and is then dried at 110° for 1 hour, cooled, and weighed. If 
thymolphthalein has been employed, a correction of 0.1 mg. for 
each drop of 1 per cent solution used 1s subtracted to allow for 
the amount of thymolphthalecin carried down with the precipi- 
tate. The molecular weight of the nitron picrate is 541. Theo- 
retically, if each molecule of picric acid is neutralized by 1 molecule 
of NaOH 1 mg. of nitron picrate =0.1848 ce. of 0.01 N NaOH. 
This is the value actually obtained by experiment with methyl red. 
As has already been explained, other factors must be used with 
other indicators. ‘These factors are best obtained by titrating 
5 ee. portions of 1 per cent picric acid with 0.01 Nn NaOH, using 
all three indicators in turn, then precipitating with nitron, weigh- 
ing the nitron picrate, and calculating its value in terms of 0.01 
n NaOH. The values found in the course of this work were 1 
mg. of nitron picrate =0.1890 ce. of 0.01 N NaOH to phenol red 
and 0.1958 ee. to thymolphthalein. 

From the alkali equivalent of the nitron picrate, there is de- 
ducted the amount of alkali required to neutralize, to the corre- 
sponding indicator, the free acid in the sample. The difference 
represents the amount of alkali previously combined with protein 
or with carbonic acid in the blood. The results are then calculated 
in terms of cc. of 0.1 N NaOH per 100 cc. of blood by dividing by 
3 and multiplying by 10. The error is within + 1 per cent with 
methyl red and is less than + 2 per cent with the other indicators. 

If so much as 5 ee. of blood is not available, satisfactory 
determinations may be obtained with 1.6 ee. of blood. This is 
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measured into a 16 ee. volumetric flask with pointed bottom, 
made so that it will fit into a metal centrifuge tube holder, where 
it is diluted with water and precipitated with from 9 to 10 ce. of 
1 per cent picrie acid. After shaking and standing, the flask is 
centrifuged and the supernatant liquid is filtered through a small 
paper. 10 ce. of the filtrate are taken for a determination, which 
is carried out as already described except that a smaller flask and 
smaller amounts of indicators are used. ‘The error is less than 
+ 2 per cent with methyl red and less than + 3 per cent with the 
other indicators. 


(b). Volumetric Method, Using Titanous Chloride (8, 9). 


If a volumetric method for the determination of the picrie acid 
is desired, or if only a very small amount of blood is available, 
titration with titanous chloride may be used. The determina- 
tion is then carried out in less time than with nitron, for the hour’s 
drying at 110° and the subsequent cooling are avoided but it 
requires more care in the preparation of the reagents and in the 
determination. 

From 0.3 to 0.5 ec. of blood in a 0.5 ec. Mohr pipette graduated 
to the tip at intervals of 0.01 ce. and capable of being read to 
0.005 cc. are measured into a 5 ee. centrifuge tube, graduated in 
0.05 ec., and containing a few drops of water. The pipette is 
rinsed with this water and then with a little fresh water. Picric 
acid solution is then added to make the final volume ten times 
that of the blood taken, the tube is covered with a small rubber 
cap, shaken, allowed to stand, and then centrifuged. As much of 
the supernatant liquid as can be obtained is pipetted off with 
a 3 ee. Mohr pipette, graduated to the tip in 0.025 ec. and de- 
livered into a conical flask, 14 em. high, 30 mm. in diameter at 
the bottom and with a neck 18 mm. in diameter, in which the free 
acid is titrated, using only methyl red (1 drop) with 0.005 n NaOH 
from a 2 ec. burette, graduated in 0.01 ec. (A few trials with 
other indicators were not very satisfactory, others may be more — 
successful in observing the color changes.) Add 20 drops con- 
centrated H.2SO,; and insert a rubber stopper carrying an inlet 
tube which reaches nearly to the bottom of the flask, an exit tube, 
and a glass plug. While passing a stream of carbon dioxide from 
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a generator or from a tank, heat to boiling, remove the glass plug 
and through this opening run in from a 10 ee. burette 10 ce. of 
approximately 0.05 N titanous chloride solution. Replace the 
plug and continue the boiling for 5 minutes. The solution should 
retain a pink color, indicating the presence of an excess of titan- 
ous chloride. The flask is then cooled in water, the plug is 
removed, and the excess of titanous chloride is titrated with an 
approximately 0.05 N solution of ferric ammonium sulfate. When 
the titration is nearly completed, one-fifteenth volume of 10 per 
cent NH yCNS 1s added and the titration continued to the appear- 
ance of a red color. The stream of carbon dioxide is not inter- 
rupted until the titration has been completed. The excess of 
titanous chloride should require at least 2 ec. of ferric ammonium 
sulfate solution. All three solutions are kept free from air in bot- 
tles of the design shown in Fig. 1. The ferric ammonium sulfate 
solution keeps well and need be standardized against picrie acid 
only once. The'titanous chloride deteriorates slowly and should 
be checked daily against the ferric ammonium sulfate. Each 
millimol of pierie acid requires 18 millimols of titanous chloride. 
1 ee. of the 0.05 N titanous chloride (or ferric ammonium sulfate) 
is, therefore, equivalent to ,}»9 millimol of picrie acid or to ;'s 
ec. of 0.005 N alkali. The amount of alkali required to titrate 
the free acid is subtracted from the alkali equivalent of the titanous 
chloride used and the difference is multiplied by the appropriate 
factor to obtain the result in terms of cc. of 0.1 N alkali per 
100 ce. of blood. The results may vary from a control by the 
nitron method, in which 30 cc. of filtrate or the equivalent of 3 ce. 
of blood are used, by as much as 4 per cent (very seldom more) 
though they are generally somewhat closer. 

Titration with titanous chloride may also be employed with 
larger quantities of picric acid filtrate and three indicators, but the 
results, while more accurate than in the micro method, are not 
quite so satisfactory as are those obtained with the use of precipi- 
tation with nitron. 

The micro method was developed with the intention of applying 
it to such quantities of blood as might readily be obtained by 
pricking a finger. It was found, however, that considerable pres- 
sure was necessary in order to obtain 0.3 to 0.5 ec. of blood. The 
~ results obtained with samples taken from different fingers differed 
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considerably and were almost all greater than those obtained by 
the nitron method on a sample of blood taken from a vein im- 
mediately thereafter. Apparently, pressure mixed sufficient tissue 
juice of a high titratable alkalinity (to methyl red) with the blood 
to invalidate the results. 

Moreover, each of the three subjects used for this experiment 
(Table X) gave it as his opinion that the puncture of the vein 
involved less inconvenience than the collection of 0.5, or even 
0.3 ee. of blood from a finger. It certainly is easier for the opera- 
tor. Itis, therefore, recommended that at least 1.6 ec. of blood be 
made available and that the micro method be used only whenever, 
as In experiments upon small animals, not even so much as 1.6 
ec. of blood are available. 

There is a source of error that is, apparently, insignificant with 
normal blood but which may be of importance with some patholo- 
gical bloods. Titanous chloride is a very powerful reducing 
substance, even reducing, under the conditions of the determina- 
tions, a little of the oxalate used as an anticoagulant.? It is 
possible that some bloods should contain some reducible substance 
(glucose is apparently not affected?) the presence of which would 
make the values for the titratable alkali too great. 


DISCUSSION, 


The results summarized in Tables I to IV, inclusive, show that 
the values obtained by this method are not affected by variations 
in the amount of picrie acid used for the precipitation of the pro- 
teins, by extreme variations in the carbon dioxide content of 
the blood, by the presence of a fair excess of oxalate nor, to any 
considerable extent, by standing. That sulfuric and lactic acids 
and sodium bicarbonate, added zn vitro are quantitatively re- 
covered is shown by the figures in Table V. 

The experiments with intravenous injections of acid show a 
very prompt diminution in the titratable alkali as acid is injected. 
Since this is, at first, almost entirely at the expense of the bicar- 
bonate of the blood, it is not surprising to find that the values for 
the CO, content and CO.-combining power of the plasma fall 
more rapidly, at first, than do those for the titratable alkali. 


2 Unpublished observations. 


‘ 
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But as the bicarbonate reserve is exhausted and as the condition 
of the animal becomes more critical, the diminution in the ti- 
tratable alkali becomes more pronounced so that when the CO. 
eontent and CQOs-combining power have fallen to about one- 
half their normal values, the titration to methyl red has diminished 
almost as much and that to thymolphthalein even more. 

The figures in Table VIII indicate that a similar relation exists 
in human blood. Thus, the seven normal bloods, having an 


TABLE I. 


Lifect of Varying Concentrations of Picric Acid on the Determination of the 
Titratable Alkali of Sheep Blood. 


0.1 ~ alkali per 100 ec. of blood. 


1 per cent Methyl red. | Neutral red. | Phenol red. Cresolred. 
picric acid. pH = 6.0 pH = 7.0 | pH = 7.4 | pH =7.8 | pH =90 
vol, cc. ce. ce. ce. | ce. 

5 49.6 | | | OA 
49.4 49.¢ 46.0 | 44.4 | 41.3 
50.7 50.6 45.9 42 | 41.9 
| 
| | 
45.8 44.9 | 43.2 | 43.2 | 
6 46.3 | 46.0 | | 39.6 
8 46.0 | 45.7 | | | 37.4 


Three different samples of oxalated sheep blood were treated with the 
number of volumes of | per cent picric acid shown in the first column and 
the mixtures were then diluted with water to ten times the volume of blood 
taken. 30 cc. of the filtrate, equivalent to 3 ec. of blood, were titrated in 
succession with 0.01 nN NaOH, using the indicators in the order given. 
(Phenol and cresol red require two different samples, otherwise the entire 
series can be run on one sample.) The liquids were then treated with 
acetic acid and nitron and the nitron picrate was filtered out and weighed. 
It is evident that varying the amounts of picrie acid used does not affect 
the result. When 8 volumes of picric acid are used, the excess in the 
filtrate is large and even slight errors in the titration or in the weighing 
of the nitron picrate introduce relatively large errors into the desired 
quantity, the difference. Therefore, it is advisable not to use more than 
6 or 6.5 volumes of picric acid and with bloods that are known to be poor in 
protein (cells) to use only 5 volumes or even less. The buffer property of 
picric acid (p.272) is probably responsible for the greater deviations ob- 
served as the pH of the indicator change rises above 6.0. 
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TABLE II. 
Titratable Alkali of Acrated Blood and of the Same Blood Saturated with COy, 
0.1 N alkali per 100 ec. of blood. 


| 
Blood. red. | Phenol red., Cresol red. | 
| ce. cc. ce. ee. ee. 
49.7 | 45.8 44.0 40.4 
Saturated CO,.........| 48.7 48.5 45.5 44.0) 40.1 
40.7 
Saturated COs. ........ 40.9 
Saturated CO.......... 39.9 


The oxalated sheep blood was divided into two parts. One was aerated 
by shaking small quantities with air in large flasks, the other was saturated 
with CO, by passing the gas from a tank through water and then through 
the blood. Samples of each were then taken and analyzed in the usual 
manner. 


TABLE IIL. 
Effect of Oxalate on Titratable Alkali. 
0.1 N alkali per 100 ec. of blood. 


Methyl! Phenol | Thymol- 
red. 


Blood. red. | phthalein. 
ec. cc. ce. 
“  +0.4 per cent 46.4 | 43.6 38.3 
 +0.4 per cent K:C.04..| 47.0 | 44.7 38.8 


Only 0.1 per cent oxalate is needed to prevent coagulation. Quantities 
four times, and even ten times, so great exert only a slight influence on the 
titration. However, a large excess should be avoided for it increases the 
amount of picric acid required for complete precipitation of the proteins 
and that is undesirable (p. 277) and, in the volumetric method, some of the 
oxalate is reduced by the titanous chloride, which makes the final results 


too high. 
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average plasma CO.-combining power of 61 volumes per cent had 
an average titratable alkali content equivalent to 44.8 ce. of 0.1 N 
alkali per 100 ce. of blood to methyl red, 37.9 ec. (only 6) to phenol 
red and 32.3 ec. (only 4) to thymolphthalein. With the exception 
of the one from a severe case of nephritis, the samples of blood the 
plasma of which had a CO.-combining power of from 15 to 25 
volumes per cent had a titratable alkali content of about 20 ec. to 


TABLE IV. 
Effect of Standing on the Titratable Alkali of the Blood. 
0.1 N alkali per 100 ec. of blood. 


Blood. Tempcrature. Time. Methyl] red. Phenol red. 
min, ce. ec. 
Human. Room. 10 44.3 38 .6 
1 40 44.2 38.8 
70 44.7 39.2 
100 43 .2 38 .2 
160 43.0 38 .2 
220 43.6 38.9 
hrs. 
Human. 1 45.3 43.8 
Ice box. 17 43.2 40.1 
41 42.5 39.5 
65 41.5 38.5 
S9 40.4 36.0 
Sheep. 30°C, 1 49.6 46.1 
Room. 4 49.4 46.5 
+Ice box. 20 49.5 45.8 


In these samples, the rate of acid production was very low. In the 
human bloods, this may have been due to the fact that they were nearly 
completely deoxygenated. Other samples might have shown a greater 
production of acid (11,12). 


methyl red, 15 ee. to phenol red, and 3 ec. to thymolphthalein. In 
other words, a reduction to 0.33 or 0.25 of the normal value of 
CO.-combining power of the plasma was accompanied by a lower- 
ing of the titratable alkali of the blood to about 0.5 with methyl 
red, to 0.4 with phenol red, and to as little as 0.1 of the normal 
with thymolphthalein. The titration to thymolphthalein may, 
therefore, be the most valuable, clinically in spite of the slightly 
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greater error inherent in its determination. The one exception 
to this marked lowering of the titration to thymolphthalein was 
observed in a sample of blood from a patient with advanced 
nephritis, taken shortly before death. The non-protein nitrogen 
was 263 mg. per 100 ec. and the cell volume was only 18 per cent. 


TABLE V. 
Effect on Titratable Alkali of Blood of Acid and Alkali Added in Vitro. 
0.1 n alkah per 100 ec. of blood. 


| 


Blood. <= 
= Z. A, 
ce. ee. cc. 
Human (3 days old) + 2 ec. 0.8 per cent NaCl........ 43.038.3 27.7 
(4  )4 95 0.99 
* “ ) + 0.5 ec. Nn 


The indicated quantities of acid or alkali were added to 100 cc. portions 
of blood, samples of which were then precipitated with picric acid. The 
results show complete recovery of acid and alkali added. 


Both high nitrogen and low cell volume may have had something 
to do with the result. 

That there should be a close parallelism between the variations 
in the CO.-combining power of the plasma, as determined, and the 
change in titratable alkali of the blood was searcely to be expected 
in view of the differences in cell content and in percentage satura- 
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TABLE VI. 
Effect of Intravenous Injections of Acid on the Titratable Alkali of the Arterial 
Blood and Plasma of the Dog. 


Plasma Titratable alkali. 
CO2. 0.1 nN alkali per 100 ec. of blood or plasma. 
| Methyl Neutral Phenol Thymol- 
red. red. red. phthalein. 
| cc. | ce cc. | ce ce ce. ce, cc 
49.0 46.7 42.037 238.3 35.836 .2.34.5) 26.6 | 30.4 
49.047 .0:40.0 39.0 34.6 26.7 | 32.8 
n lactic acid......... 42.5 40.336 34.432 .532.132.2 33.1) 24.3 | 29.0 
38 30.8 28.6 31.5.30.6) 21.9 | 26.1 
93.1 48.0 46 0 40.0 
0.52 N 36.5 
34.0 
32.8131.7/35.2 30.5 
30.629 .2/33 .2 28.0 
45 .4/44 .2'39.9/37 .2 35.6/36.0) 27.0 | 29.9 
0.55 N lactie acid...... 39.3)37.8 35.6133 29 .3/31.0 22.2 23.9 
33.331.7)31.7 30.3 26.428.3| 17.7 | 20.2 
0.55 23.9 21.9)25.5 23.8 19.0:20.7| 12.2 | 13.2 
0.55 14.612.9)16.8 18.4 10.6)14.7) 2.25) 56 
0.55 “ 11.410.113.4 16.1 8 


The femoral artery of one leg and the femoral vein of the other were 
exposed under cocaine anesthesia. After taking samples of the arterial 
blood (under paraffin for examination of the plasma), the acid was slowly 
injected into the vein. 3 minutes after the injection had been interrupted, 
from 20 to 40 ec. of blood were run out of the artery to clear it and new 
samples were collected. The CO, determinations were made by the methods 
of Van Slyke and Cullen (1,4,5). Inthe first three experiments, the plasma 
was equilibrated with the operator’s alveolar air for the determination of 
the combined COs;, in the last this was calculated from the total CO, and 
the pH. This was, in the successive samples, 7.65, 7.50, 7.89, 7.15, 6.8 
(approximately), 6.8 (approximately). The last two samples contained so 
much hemoglobin that comparison was difficult and probably inaccurate. 
The observed values were 6.8 and 6.8, but 7.0 has been used in the calculations. 
A correction of 0.18 has been used (13) to change the values at 20° to those 
at 38°. 
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tion with oxygen and carbon dioxide of the blood at the time the 
plasma was separated. But that there is no closer parallelism 
between any one of the three series of values for the titratable 
alkali of the plasmas and the values for the COs-combining power 
of the same plasmas is a matter that is not so readily explained. 
Differences in protein content may aceount for some of these 
deviations but there must be other factors, the nature of which is 
not immediately apparent. 
TABLE VII. 


Effect of Intravenous Injections of Sodium Carbonate upon Titratable Alkali 
of the Arterial Blood of Dogs. 


Plasma COs. 0.1N ee. 


Plasma 
pH. 


Methyl| Phenol | Thymol- 
Total. ‘tno red. red. | phthalein. 


per cent | per cent cc. cc. 
7.49 | 58.8 | 54.8 | 41.9 | 37.7 
Injected 5.4 per cent NazCO3; .| 7.61 | 97.0 | 90.6 | 57.0 | 51.3 
7.39 | 65.6 | 61.1 | 39.2 | 33.9 28 .4 
Injected 5.4 per cent NazCO3.; 7.58 |104.3 | 97.5 | 59.1 | 55.6 45.9 
7.56 | 62.4 | 58.2 | 47.3 | 41.7 35.8 


Injected 5.4 per cent NazCO 3.) 7.68 |113.0 |105.6 | 61.3 | 56.7 51.2 


The experiments were conducted in the same manner as those with acid 
(see note to Table VI). The pH was determined by Cullen’s method, using 
the correction 0.18 to change the values at 20° to those at 38°. The total 
CO: was determined by Van Slyke’s method and the combined CO: was 
calculated. A report on the effect of the continuance of the injections of 
the alkali will be found in the following paper. 


In dog blood drawn from the artery and centrifuged under 
paraffin and in sheep blood obtained at the slaughter house in 
well filled bottles and centrifuged under paraffin, methyl red gave 
higher values for whole blood than for plasma, phenol red gave 
approximately the same for both, while thymolphthalein gave 
lower values for whole blood than for plasma. A mixture of 
phosphates at the reaction of the blood is alkaline to methyl red 
and acid to thymolphthalein. The difference in reaction of the 
end-points of these indicators is almost exactly that represented 
by the second H+ of phosphoric acid. The difference in the ti- 
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trations is about 10 ee. of 0.1 N NaOH per 100 ee. of blood and 7 
ec. per 100 ee. of plasma. If this were due entirely to phosphoric 
acid, it would require the presence of 31 mg. of inorganie phos- 
phorus in the blood and 22 mg. in the plasma. But there is only 
about one-fifth as much as this. The organie “acid-soluble’’ 
phosphorus compound of the corpuscles may have sufficient 
buffer action to account for part of the buffer properties of the 
filtrate from blood but there is no considerable quantity of such 
a compound in plasma. 

Experiments in which small quantities of amino-acids were 
added to picrie acid and the mixture titrated to the end-points of 
the three indicators showed that these could account for a 
part of the buffer action. Under conditions corresponding to 
a concentration of 33 mg. of amino-acid per 100 ee. of blood, the 
change in the buffer value of the picrie acid solution was 0.30 ce. 
of 0.01 N NaOH with alanine and 0.48 ee. with glycine, equivalent 
to 1.0 and 1.6 ee., respectively, of 0.1 N alkali per 100 ee. of blood. 
Hiller and Van Slyke (14) found 8.3 mg. of amino nitrogen per 
100 ec. of blood in the picrie acid filtrates from ox blood. This 
amount of nitrogen is the equivalent of 44 mg. of glycine or of 
53 mg. of alanine. Evidently, the amino nitrogen of the filtrate 
accounts for about 1.5 ce. of its buffer action. Miller and Van 
Slyke also reported 4.6 mg. of peptide nitrogen per 100 ec. of 
blood in their picrie acid filtrates. Eckweiler, Noyes, and Falk 
(15) found a buffer value, between pH 6.0 and 9.0, of 42 ec, of 
0.1 N NaOH per 100 ee. of a 0.05. N solution of dipeptide. Such 
a solution contains 70 mg. of peptide nitrogen per 100 ce. or 15.2 
times the concentration found in the blood. Assuming that the 
molecular buffer action is no less in the dilute solution than in 
the concentrated, the peptide nitrogen of the picric acid filtrates 
will account for about 2.8 ec. of 0.1 N NaOH per 100 ee. of blood. 
The substances yielding peptide nitrogen in the analyses of Hiller 
and Van Slyke also yielded some amino nitrogen, but, after 
making allowances for such nitrogen, it is clear that the buffer 
action due to the amino-acids and peptides in the picrie acid 
filtrates will amount to between 3 and 4 cc. of 0.1 N NaOH per 
100 ce. of blood. 

A similar examination of the figures for human blood shows 
similar relations to exist except that, in almost every instance, 
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TABLE VIII. 


Comparison of Titratable Alkali of Blood and Ploshe with CO2-Combining 
Power of the Plasma. 


Titratable Alkali of the Blood 


Methyl Phenol Thymol- 
red. red. phthalein, 
sisi 
Human blood. 
ad jan cc. | cc. | ec. | ce. | ce. ce, 
15 |18.2 13.1 3.6 
50.0, 19 24.0 18.9 
Nephritis, N.P.N. 263 118.0} 22 14.7 
46.0} 25 |17.0 10.8 2.8 
24.0) 39 (35.1/37.7,25.2 30.0 
Cardionephritis...............-/26.3] 39 |38.1 31.8 
45.5] 51 137.5 22.1 28.0 
Tuberculosis of kidney......... 40.0) 57 |39.8 42.8 
36.7) 62 (47.0 40.8 33.7 
Exophthalmic goiter............ 48.0} 62 36.6 
Typhoid, pyelonephrosis........ 49.4! 63 |49.5 44.2 40.3 
Chronic osteomyelitis, diabetes 63 35.2 
Pyelonephrosis (2 days after 
44.6) 65 |44.8 
Auricular fibrillation. .......... 48.0) 67 45.5.47.7 
1 week after hysterectomy 
and appendectomy.. ......... 34.8) 69 |45.4/51.6 


| 
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TABLE Vili—Concluded. 


Methyl Phenol Thymol- 
red. red. phthalein. 
= © 
el slel a E 
& 
Human blood—Concluded. 
cc, ce ce ce. ce 
Chronic appendicitis...........41.0) 69 /46.6 50.9,40.0)48.4 34.0; 46.0 
50.0 69 43.1 47.737 041.9 30.9} 37.0 
Cardiac 70 |43.9 47..3/39.3 45.5/32.5} 42.8 
Chronic osteomyelitis, diabetes.'45.5, 75 |47.1 41.0 35.8 
Chronic bronchitis, emphysema. '34.0) 85 51.5 


Sheep blood. 


63 49.6148. 42.0 (2) 
59 36.8 (2) 
63 |49.1/48.9 44.8 38.2 


TABLE IX. 


Effect of the Addition of 1 Mg. of the Substances Indicated on the Titration of 
5 Ce. of an Approximately 1 Per Cent Picric Acid Solution with 


0.01 x NaOH. 
Methyl! red.} Phenol red. 
ec, ec. cc. 
22.20 | 22.60 | 23.60 
22 .30 22.75 24.00 


the plasma gave higher values for titratable alkali with all three 
indicators. The animal blood was drawn from an artery, the 
human blood from a vein. As arterial blood becomes venous in 
character, Cl (and possibly other anions) pass from the plasma 
into the cells and it is, therefore, not surprising that plasma ob- 
tained from venous blood should contain more titratable alkali 


| 

| 
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TABLE X. 
Comparison of Determinations of Titratable Alkali by Gravimetric Method, 
Using Nitron, and by Volumetric Method, Using Titanous Chloride 
(Methyl Red Only). 


Titratable Alkah of the Blood 


Gravimetric method. 
5 ec. blood precipitated 


Volumetrie method. 


Valne obtained. 


0.1 N alkali per 100 ee. of blood. 


30 cc. filtrate, 
= 3cc. blood, used. _ Amonnt of Equivalent 
0.1 N alkali per 100ce. of blood.) blood pre- in liquid I II Average, 
eipitated. analyzed. 
cc. ce. ce. ce. cc ce 

47.7 0.30 0.200 45.6 48.9 47.3 

0.40 0.225 48.5 48 .0 48.3 

0.50 0.300 46.9 45.5 46.2 

46.0 0.30 0.175 46.2 44.7 45.5 

0.40 0.225 45.3 46.2 45.8 

0.50 0.318 46.6 44.9 45.8 

46.2 0.30 ().200 43.8 45.3 44.6 

0.40 0) .250 43.9 44.9 44.4 

0.50 0.338 45.7 44.6 45.7 

46.0 0.30 0.175 44.7 44.7 44.7 

0.40 0.250 44.0 44.8 44.4 

0.50 0.325 45.8 44.3 45.1 

47.5 0.30 0.175 AT .7 46.0 46.9 

0.40 0.235 46.0 45.8 45.9 

0.50 0.300 49.8 47.4 48.6 

47.3 0.30 0.175 42.0 44.8 43.4 

0.40 0.225 46.6 45.8 46.2 

0.50 0.300 48.1 46.7 47.4 

TABLE 


Comparison of Results Obtained with Blood from an Arm Vein and with 
Quantities of 0.2 to 0.5 Ce. from Fingers, Showing Comparative In- 
accuracy of the Method, Apparently Due to Tissue Material 
Introduced by Squeezing Finger (Methyl Red Only). 


Fingers. 
Vein. 
I II III IV V 
42.7 50.7 49.3 45.3 47.1 47 .2 
37.1 41.5 44.1 37.7 34.9 38 .4 
47.2 48.3 48.9 52.7 48.7 50.2 
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than that obtained from arterial blood. The figures in Tables 
VI and VIII indicate a transfer of the equivalent of 2 or 3 ce. 
of 0.1 N acid from plasma to corpuscles as the blood passes from 
the arteries to the veins. This is about the amount that is in- 
dicated by direct experiment (16). 


EXPERIMENTAL. 


Preparation of Reagents. 


Picric Acid.—Merck’s “‘blue label’’ picric acid is satisfactory. Dissolve 
20 gm. in hot water in a 2,000 ec. volumetric flask, allow to cool, and dilute 
to mark. 

0.01 and 0.005 ~ NaOH.—Prepared daily by dilution of 0.1 N NaOH 
with COe-free 

Indicators.—Methyl red and phenol red. 0.4 per cent solutions are pre- 
pared according to Clark (17) by dissolving 0.1 gm. in 7.4 and 5.7 cc., 
respectively, of 0.05 Nn NaOH and diluting to25ce. For use in this method, 
these solutions are diluted with 9 volumes of water. 

Thymolphthalein.—A 1 per cent solution in alcohol, to which there is 
added enough NaOH to give a slight blue color. 

Nitron.—A filtered 1 per cent solution in 10 per cent acetic acid. Recovery 
of excess nitron from the filtrates. These are evaporated to small volume, 
cooled, and made strongly alkaline with ammonia. The nitron separates 
out, is filtered, washed with alittle water, air-dried, and is then ready for 
use. 

Titanous Chloride—To 70 ec. of commercial 20 per cent TiCls, add 140 ee. 
of concentrated HCl, heat to boiling for 1 minute, cool, and dilute to 2,000 
ec. with water that has been boiled and cooled under carbon dioxide. 

Ferric Ammonium Sulfate ®—Mix 50 ee. of concentrated H:SO; with 
2,000 cc. of H.O, heat to boiling, cool under CO:, and use to dissolve 48.4 
gm. of Fe, (SOx4)3. (NH4)2 SO4.24 H.0. 

NH,CNS.°—Dissolve 100 gm. in air-free water and dilute to 1,000 cc. 


The TiCl;, Fes (SO,)3, and NHiCNS are kept in bottles to which 
there are attached burettes and hydrogen generators as shown in 
Fig. 1. 


SUMMARY. 


A method based upon a new principle, for the determination 
of the titratable alkali of the blood is described. The results are 
unaffected by the presence of small amounts of oxalate or by the 
degree of saturation of the blood with oxygen or with carbon diox- 


>For use with the volumetric method only. 
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ide. Several indicators may be used in the same sample. With 


phenol red, the end-point is approximately at the reaction of 
human blood and the value then obtained represents the amount 


| 
| 
| 
| 


1. 


of alkali previously combined with the carbonie acid and protein 
of the blood. For normal human blood, this is the equivalent of 
approximately 38 cc. of 0.1.N NaOH per 100 ce. of blood. By a 
suitable choice of indicators, the value of the ‘‘acid-soluble” 
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buffers may be determined. This is about 11 ec. of 0.1 N NaOH 
per 100 ec. of blood between the end-points for methyl red 
(pH 6.0) and thymolphthalein (pH 9.0). The error in the method 
is + 1 per cent with 5 ee. of blood, + 2 per cent with 1.6 ee. of 
blood, and + 4 per cent with from 0.3 to 0.5 ee. of blood. These 
figures apply to the titration with methyl red. They are slightly 
greater to other indicators and with the very small quantities of 
blood only methyl red was found suitable. 
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INTRODUCTION, 


In the past few vears, there have been a number of observations 
reported from which it has been coneluded that a too alkaline eondi- 
tion of the blood and, consequent!y, of other tissue fluids resulted 
in electrical hyperexeitabilitv, tetany, ete. This too alkaline 
condition could be a result of parathyroidectomy. intravenous 
administration of sodium bicarbonate. foreed breathing, persis- 
tent vomiting, gastric fistula, ete. This econeeption has probably 
found its most explicit expression in the discussion of “the normal 
and abnormal variations In the acid-base balance of the blood” 
by Van Slyke (1) in which it is definitely stated that a hydrogen 
ion concentration of pH 7.9, whether caused by an uncompensated 


CO. deficit or by an uncompensated alkali excess, induces tetany. 


Tetany after Parathyroidectomy. 


The idea that ‘‘alkalosis’” and tetany are related seems to have 
had its origin in the work of Wilson and his collaborators (2, 
3, 4), who found that injection of hydrochlorie acid relieved the 
tetany of parathyroidectomized dogs, and that after parathyroi- 
dectomy “there is usually a sudden diminution in the exeretion 
of acids and ammonia and a decrease in the ammonia ratio and 
the hydrogen ion concentration of the urine,” and an increase 
in the value of K in Barcroft’s equation for the relation between 


* A preliminary report appeared in the Proceedings of the Society for 
Experimental Biology and Medicine (Greenwald, I., Proc. Soc. Exp. Biol. 
and Med., 1920-21, xviii, 228). 
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the percentage saturation of the blood with oxygen and the tension 
of oxygen with which it is in equilibrium, which increase they in- 
terpreted as an indication of an increased alkalinity of the blood. 

That injections of acid relieve tetany is not of special signifi- 
eance. So do injections of calcium, magnesium (5), strontium, 
and barium (6) salts, or potassium or sodium chloride (7). More- 
over, such relief is frequently spontaneous. 

The changes in the urine reported by Wilson, Stearns, and 
Janney (4) are sufficiently readily explained by the observations 
published in 1911 and 1913 by the present writer (8, 9). It was 
then found that, immediately after parathyroidectomy in dogs, 
there was a very marked retention of phosphorus, the amount in 
the urine falling to as little as 2 per cent of its former value, and 
that this retention was primary and was followed, only after 1 or 
2 days, by a retention of sodium and potassium. Obviously, 
the acidity of the urine should diminish unless the failure of ex- 
cretion of the phosphoric acid was compensated for by the sudden 
appearance of large quantities of some other acid. And this 
diminished acidity should not have been regarded as a sign of 
“alkalosis” but as evidence of acidosis. The retention of phos- 
phoric acid was demonstrated by the present writer (10) to be 
accompanied by an increased concentration of phosphoric acid. 
or similar compound, in the blood. A considerable amount of 
alkali would be required to neutralize this. An increased forma- 
tion of guanidines has since been reported by Paton and his co- 
workers (11), but they have not claimed to have found anything 
like the quantity required to neutralize the phesphorie acid re- 
tained, to say nothing of securing an increased alkalinity. 

The changes in the blood reported by Wilson, Stearns, and Thur- 
low (3) merit fuller consideration. Since they worked at zero 
COs, tension, their results on the oxygen saturation of the blood 
could not demonstrate a change in the reaction of the circulating 
blood but only in what has since been ealled ‘alkaline reserve” 
or, better, CO.combining power. There may or may not have 
been an actual change in reaction. Their own results with a dialy- 
sis indicator method (12) showed that there was no demonstrable 
change in the reaction. There was a change in the reaction of the 
dialysate obtained after shaking out ‘“‘the excess of carbon dioxide” 
which might indicate an increased COQs-combining power. 


I. Greenwald 287 


From his work on human blood, Bareroft (13) derived the 


K x" 
formula —— — ——>— as an expression for the relation between 
100 1-A x 


the pressure of oxygen, In millimeters of mercury (2), with which 
the blood was in equilibrium and its percentage saturation with 
oxygen (y). Bareroft found that (rn) had the value 2.5. (This 
has recently been changed by Hill (14) to 2.2.) The value of 
(K) varied with the nature of the blood and was particularly 
markedly affected by the reaction, becoming greater as the 
alkalinity was increased. 

In their ealeulations, Wilson, Stearns, and Thurlow used the 
same value for (7) for dog blood as Bareroft had for human blood. 
But caleulations from their own results show that, under the con- 
ditions they employed, the value of (7) was not 2.5, but approxi- 
mately 1.5. Only then does the value of (A) for the normal dog 
blood approach constancy (17 X 10°° to 27 X 107%). But if 
this value for (n) be used in calculations from the data obtained 
with parathyvroidectomized dogs, it is found that only rarely is 
the value of (A) thus obtained much greater than the normal for 
that animal or outside the normal range. 

The significance of the few changes in the value of (A) as remain 
when the correct value of (n) is used is obscure. Bareroft found 
the value of (n) for hemoglobin in NaCl solution to be 1.778, in 
KCI solution, 2.49. Even a slight decrease in the value of (n) 
would greatly increase the apparent value of (A) and it seems 
quite possible that the change in the concentration of ealeium or of 
phosphorus in the blood should have been responsible for the 
apparent Increase in the value of (A). 

The effeet on the reaction of the dialysate of the blood shaken 
to remove “‘excess of carbon dioxide”? must have been due to other 
causes than an increased CQOs-combining power because such 
change could hardly fail of detection by its effect on the value of 
(A); unless, indeed, it were masked by a simultaneous increase 
in the value of (nm). It is possible that the change in the calcium 
and phosphorus of the blood, by changing the error in the dialy- 
sis indicator method due to the Donnan equilibrium, should have 
been responsible for the apparently increased CQO.-combining 
power. | 
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There would seem to be, therefore, nothing in the work of 
Wilson and his associates that is really indicative of a relation 
between alkalosis and tetany. But the hypothesis seems to have 
been an attractive one and even the work of Hastings and Murray 
(15) and of Underhill and Nellans (16), which has conclusively 
shown that there is, after parathyroidectomy, no change either 
in alkalinity or in CO.-combining power, has not caused it to be 
abandoned. 


Tetany after Administration of Alkalies. 


It is, of course, possible that other types of tetany, such as 
those occurring after persistent vomiting, hyperpnea, or injection 
of alkalies, are due to alkalosis, even if the tetany of parathy- 
roidectomized dogs is not. However, no such effect following the 
administration of alkalies is mentioned by Hougardy (17) or by 
Seott (18). The former used sodium hydroxide and observed the 
oecurrence of apnea, which was more marked, or obtained with 
smaller doses, if the injection was made into the carotid artery 
towards the head than if it was made into a vein and was least 
pronounced, or required the largest dose, when the injection was 
made through a sound inserted through the carotid artery into 
the aorta. Sodium earbonate and calcium hydroxide produced 
similar effects but in none of his protocols did Hougardy mention 
the appearance of tetany. 

Seott injected sodium carbonate into decerebrate cats and ob- 
tained considerable increases in CQOs-combining power and in 
alkalmity of the blood, as measured by a dialysis indicator method. 
However, in the course of the work to be presented in this paper, 
not quite such great changes were obtained by a more accurate 
method, even after the injection of much larger quantities of 
sodium earbonate. Therefore, it seems quite likely that the mag- 
nitude of the changes observed by Scott was due, in part, to a 
greater escape of carbon dioxide from the specimens which were 
under a high CQ, tension than from those collected under normal 
conditions. ven if Scott’s data are absolutely correct, they only 
show that the reactionof the blood of decerebrate cats may be 
changed from a normal of pH! 7.3 to 7.4 to pH 7.7 to 7.8 without 
the appearance of tetany, for it is searcely conceivable that such an 
occurrence could have escaped his observation and description. 
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However, it may be objected that the removal of the eerebrum 
prevented the appearance of tetany. 

Although experimental evidence was lacking, it was assumed by 
some that the tetany that sometimes appeared after the thera- 
peutic administration of sodium bicarbonate was due to alkalosis. 
Palmer and Van Slyke (19) advised great caution in the use of 
sodium bicarbonate and regarded a plasma CO.-combining power 
of 80 per cent as dangerous. At the most, this could mean only 
a slight change in actual hydrogen ion concentration. Assuming 
that the alveolar CQO, tension remained at 40 mm., there would 
be 2.84 per cent free carbon dioxide in the plasma. From Hassel- 
balch’s formula, this would mean a pH of 7.55, if the COQ.-combin- 
ing power were 80 per cent; if the pH is assumed to be constant at 
7.4, the 80 volumes per cent of bound carbon dioxide would re- 
quire a free carbon dioxide content of 5.9 per cent, equivalent to 
an alveolar CO: tension of 83 mm. Neither of these adjustments 
should be so readily assumed to be outside the capacity of the 
organism, particularly since both are probably operative and, 
consequently, neither need be fully exercised. 

It is interesting to observe that the cases of tetany that have 
been reported to have occurred after the therapeutie adminis- 
tration of sodium bicarbonate (20 to 23) were all in individuals 
in whom renal deficiency was known to exist or was quite probable. 
If the kidneys cannot excrete the excess alkali, itis retained. But 
there is little or no increase in alkalinity for there is a retention 
of earbon dioxide that keeps the reaction normal, or nearly so. 
In no case of tetany following the administration of sodium bicar- 
bonate has a change in the reaction of the blood been demonstrated. 

In order to obtain some definite knowledge regarding the possi- 
bility of producing either a change in the reaction of the blood or 
tetany, or both, by the injection of sodium bicarbonate or carbon- 
ate, a number of experiments were performed upon dogs. The 
results embodied in a preliminary report made in 1921, showed 
that huge amounts of sodium bicarbonate were required to 
produce tetany and that there was, at the most, only a slight 
change in the reaction of the blood. Unfortunately, zine sul- 
fate was used as the anticoagulant and this made all the values 
for the pH too low. The same amount of zine sulfate was used 
in each case and should, theoretically, have produced a greater 
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change in pH in normal blood than in that obtained after admin- 
istration of sodium bicarbonate. However, there remained some 
doubt as to the significance of the results. 

The experiments were repeated several times with improved 
technique and with the same results. Too rapid injection of either 
sodium earbonate or bicarbonate was followed by apnea, which 
might be fatal. If this were avoided, there was no marked effect 
except an increased heart rate until very large amounts had been 
injected and until the bicarbonate content of the plasma had 
reached a very high level, over 120 volumes per cent. The re- 
action of the plasma of the arterial blood was determined by Cul- 
len’s method (24) and was found to have changed only slightly, 
not more than 0.23 on the pH seale. As the injeetion was con- 
tinued, twitching and tremor and, finally tonie-clonie convulsions 
appeared. Blood taken from the artery as soon as possible after 
the appearance of the convulsions showed that there had been 
no further change in the reaction of the blood. As the convul- 
sions continued, the reaction of the blood beeame less and less 
alkaline, the concentration of total earbon dioxide in the plasma 
fell rapidly, until samples of blood taken shortly before the animal 
died showed a condition of acidosis, and not alkalosis, to obtain. 
In one experiment (Table ITI), the pH of the plasma changed from 
7.56 before the injection of sodium carbonate was begun to 7.69 
just before the convulsions appeared, and then rapidly fell 
to 7.04 just before death. The corresponding figures for the ear- 
bon dioxide content were 62.4, 171, and 54.1 volumes per cent and 
for the bicarbonate carbon dioxide were 60.4, 167, and 48.2 volumes 
per cent. The results obtained in the determination of titratable 
alkali by the method of Greenwald and Lewman (25), which 
measures essentially the amount of base combined with ’HCO, 
and with protein in the blood, were very similar, the titrations 
to phenol red changing from 41.7 to 77.3, and then to 28.6 ce. of 
0.1 N NaOH per 100 ee. of blood. 

The relative constancy of the reaction of the plasma, in spite of 
the great increase in bicarbonate content, could be secured only 
by a retention of free carbon dioxide. No determinations of the 
alveolar carbon dioxide tension were made but calculations from 
the total carbon dioxide and pH of the plasma indicate that, 
when the bicarbonate content of the plasma was at its highest, 
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the alveolar carbon dioxide tension was about 60 mm. of mercury. 
After the animal went into convulsions, large amounts of carbonic, 
lactic, and, probably, other acids were formed and the caleulated 
earbon dioxide tension rose to as much as 100 mm. 


TABLE I. 
Dog 8. Female mongrel. Weight 15 kilos. Used 5.0! per cent NallCQs. 


| 


| | Blood. | 
| | Titratable | 
atkali. S 
4 
2 
| 
| | | | ne 
10.00 | | | 52.4! 
10.02 | | | 120, 15 | | | | | Washed bladder. 
10.14 | | 77.2 
10.15-10.19 75 150 | | | 
10.21 | 
10.24 | 7.7 51.544.6 95.2 
10.25-10.33 150 300 
10.34 | 
10.36 | 70.5 64.0 40.0 123 
10.37-10.45 150 450 
10.48 270, 21 76.969.9 40.9 136 
10.51-11.05 225 675 Bee 
11.08 225] 32 'S3.5,78. 8138. 2)154 
11.09-11.18 150 825 
11.15-11.24 | | | | | Twitching, increasing 
| | | | | to convulsions. 
11.25 | 68.0.61.0 37.2132 | Convulsions. 
11.30 | | '57.948.037.6104 | 
11.35 | | 77.2) 
11.44 | | 61.6 “ 
11.46 | | | | | | | | _ Respiration ceased. 


| 


Urine. Volume 485 ce. titrated as 0.1865 alkali, after removing COsz. 
Contained 2.16 gm. of sodium, 0.349 gm. of potassium, 0.537 gm. of 
chlorine, and 0.0112 gm. of phosphorus. 


11.30 gm. of sodium or 0.754 gm. per kilo. 


Retained in body ..... or 0.609 gm. per kilo. 
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It is of interest to notice that the concentration of lactie acid 
in the blood was increased before the tetany was observed. That 
the administration of alkalies inereases the amount of lactie acid 
in the urine has been reported by Macleod and Knapp (26). 

Examination of the values obtained in the determination of 
what Greenwald and Lewman (25) have called titratable alkali, 
using different indicators, discloses some interesting relations. In 
Experiment 13 (Table III), the normal values were 47.3, 41.7, and 
35.8 ec. of 0.1 N alkali per 100 ee. of blood, to methyl red, phenol red, 
and thymolphthalein, respectively. Just before death, they were 
34.9, 28.6, and 12.6. The difference between the titration to 
methyl red (pH 6.0) and that to phenol red (pH 7.4). was little 
changed but that between the latter and the titration to thymol- 
phthalein (pH 9.0) was greatly increased. This could not have 
been due to the lactie acid because this is quantitatively titrated 
with methyl red. Since the disturbance is entirely on the alkaline 
side of the phenol red end-point, it must have been due to the 
presence of weak bases or to acids having a dissociation constant 
lower than that of the second hydrogen ion of phosphorie acid, 
which gives a symmetrical curve. Since the excretion into the 
urine during the convulsions is negligible the presence of some other 
acid is also indicated by the fact that the increase in the concen-. 
tration of lactic acid in the blood is not sufficient to account for 
the observed fall in the titratable alkali. Both blood and urine 
were examined for B-hydroxybutyric acid and the latter for aceto- 
acetic acid, also. Neither was found in amounts at all compar- 
able with those required to account for that part of the fallin blood 
alkali which was not due to the increased concentration of lactic 
acid. The nature of the substance remains unknown. 

The tetany and convulsions following the injection of sodium 
carbonate are evidently not due to alkalosis. To what may they 
be ascribed? Examination of Table IV leaves little doubt. When 
convulsions appear after the injection of sodium carbonate or 
bicarbonate, the concentration of sodium in the plasma is the 
same as when convulsions appear after the injection of sodium 
chloride or sulfate. All sodium salts injected in large excess are 
toxic and, apparently, several of them are about equally toxic. In 
each case, there is produced a sudden and marked disturbance 
of the relation between sodium ion and other cations. Osmotic 


TABLE IV. 


Comparison of Toxicity of Several Sodium Salts. 


Sodium. 
Salt. = oa Remarks. 
P ta” (9 
gm. min, gm. gm. gm. 
V* NaCl 11.5 | 26 | 0. 995 0. 832 0. 40S Twitching. 
Tt 455)1. 302 0.493 Convulsions. 
VL 8.73, 31 0.702 0. 6210.451; Respiratory failure, 
| no twitching. 
VII* | Na2SO, 5.84 106 | 1. 822 0. 480 Twitching. 

1 | NaHCO; 21.8} 38 493 0.442 

3 | NaHCO; 21.8 40 | 0.793,0.709 0.457, Convulsions, in 
spite of use of 45 
mg. Kk, 32 mg. Ca, 
and 6mg. Mg per 
kilo injected into 
another vein. 

4 NaliCO; 10.9 1.1400.8700.420 Respiratory failure, 
no twitching. 

5 | NaHCO; 21.5 | | 0.7470.7300.436; Twitching. 

NaCl in HCl 41 | 0.807\0.790.0.452) Convulsions not 
checked by 2.59 
ec. N HCl in wn 

NaCl per kilo. 

7 | NaHCO; 21.5; 51 0.761 0.591 0.455, Twitching. 

66 | 1.1000.8660.533 Convulsions, which 
were not checked 
by subsequent 
injection of 1.30 
cc. N HCl in wn 

NaCl in HCl 84 | 1.1300.8890.496; NaCl per kilo. 

8 | NaHCO; 13.7 | 105 | 0.7540.609 Convulsions. 

9 | NaHCO; 15.5 | 77 | 0.9320. 106 0. 476 7 

11 | NasCOs 23.2| 90 | 0.832 0. 698 0. 512 “ 
13 | NaeCQ; 23.2 | 87 | 0.6530. 439 0. 475, Faint tremor. 

114 | 0. 9400. 6090, 547; Convulsions. 


* See Greenwald (27). 
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pressure plays a part and the nature of the anion is not without 
significance. It must be remembered that it is not the concen- 
tration of sodium in the plasma that is, in itself, significant but 
that it is the concentration In certain cells or at their boundaries 
that determines the effects obtained. The toxie action may de- 
pend upon the ability of the sodium ion to penetrate the cell and 
thus upset the ionic equilibrium therein or it may depend upon its 
being unable to penetrate, while combined with an anion that does 
and in that manner damaging the cell by virtue of the electrical 
disturbanee thus produced at the surface. But whatever the 
precise mechanism may be, there seems to be little doubt but 
that the convulsions following the injection of sodium carbonate 
are due to what the author (27) has called “‘sodium poisoning,” 
a disturbance, due to excess of sodium ion, of the normal relations 
between this and other cations. 


Gastric Tetany. 


There remain to be considered two types of tetany, both of 
which appear to be due to a loss of acid from the body. These 
are gastric tetany and the tetany of hyperpnea. The former of 
these occurs after persistent vomiting or excessive gastric lavage 
which involve the loss of considerable amounts of hydrochloric 
acid. It is not surprising to find an increase in the COs-combining 
power of the plasma. But there ts no, or very little, change in the 
reaction (28). What happens is merely an exaggeration of what 
happens after every meal. There is a secretion of hydrochloric 
acid into the stomach and the loss of this acid from the blood is 
compensated for, in part, by the exeretion of a more alkaline 
urine, and in part, by a retention of carbon dioxide. The process 
cannot be continued indefinitely unless the hydrochloric acid 1s 
later reabsorbed. If it is not, tetany and collapse occur sooner 
or later. But these are not due to alkalosis but to the marked 
disturbance in ionic equilibrium brought about by the loss of so 
much chlorine. That ammonium chloride should relieve gastric 
tetany is not surprising (29). It supplies the missing chlor-ion, 
combined with a base that is readily converted into a neutral 
substance, and thus restores the ionic equilibrium. 

Tetany and convulsions are not due to any single cause. Any 
one of a multitude of disturbances in the equilibrium within 
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certain tissues may be responsible. Convulsions are to be re- 
garded as a sign of approaching or partial disintegration of the 
neuromuscular apparatus. The defect may occur In any one of 
several structures and may be due to any one of many causes. 


Tetany Following Hyperpnea. 


Collip and Backus (30) observed tetany in a few of fifteen 
individuals who subjected themselves to voluntary foreed breath- 
ing. The COs-combining power of the plasma and the COs. 
tension of the alveolar air were determined before, immediately 
after, and at intervals after, the period of hyperpnea. Neither 
the reaction nor the total carbon dioxide of the plasma were de- 
termined but the ratio of free to combined earbon dioxide in the 
plasma was calculated upon the assumption that the alveolar air 
was in equilibrium with the plasma. The author has caleulated 
from this ratio, assuming the value of 6.1 for pk; in Hasselbalch’s 
equation, the pH of the plasma, which appears to have been 
changed, by the foreed respiration, by from 0.13 to 0.39, the aver- 
age being 0.24. The maximum value of pH ealeulated is 7.82. 
The actual change may have been even less for, after a period of 
hvperpnea, the usual period of contact may not be sufficient to 
bring the alveolar air into equilibrium with the blood. However, 
there must have been some change for the character of the urine 
changed, becoming more alkaline in spite of the diminished ex- 
cretion of ammonia and increased exeretion of phosphates. 

Grant and Goldman (31) performed a smaller series of similar 
experiments. They determined the pH by a dialysis indicator 
method and found, in five experiments, a change of from 0.05 
to 0.25, the average being 0.16. The highest value of pH observed 
was 7.65. 

Colliipp and Backus and Grant and Goldman aecepted this 
change in reaction as an explanation of the tetany observed. In 
a subsequent publication, in which he dealt with the effects of 
the subarachnoid and intraarterial injection of sodium bicarbonate 
and other electrolytes, Collip (32) emphasized the disturbance in 
the eation equilibrium, although he also ascribed a specifie stimu- 
lating effeet of the bicarbonate anion. 

It is interesting to contrast the attitude of British investigators 
with that of the Americans. 
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Davies, Haldane, and Kennaway (33) observed tetany-like 
symptoms after foreed breathing and they recognized that there 
was probably a slight change in the reaction of the blood. How- 
ever, they recognized that this was not, in itself, the cause of the 


tetany. They stated: 


“There would however have been comparatively little alkalosis in the 
tissues, as Yandell Henderson has shown in numerous papers on acapnia 
and shock that forced breathing decreases the peripheral circulation. 
The bad effects noticed by us were relieved by inhalation of oxygen and 
were presumably due partly to increased stability of oxyhemoglobin, 
partly to vaso-constriction,”’ 


Hyperpnea induced by hot baths was found by Bazett and 
Haldane (34) to produce tetany-like symptoms, 


‘which were relieved by breathing mixtures containing either 8.5 p. e. 
CO, with 14.2 p. c. Ov, or equal volumes of air and Os. They were there- 
fore probably due to oxygen want in the tissues caused by over-stability 
of oxvyhemoglobin resulting from acapnia, as in voluntary forced 
breathing.”’ 


This view is made more probable by the work of Morris (35), 
who found that a number of manipulations, which had in common, 
apparently, only the fact that they all produced anoxemia in the 
tissues, all increased the electrical excitability of the neuromyon. 

In fact, all these observations were clearly foreshadowed by 
the work of Hill and Flack (36), who wrote in 1910: 


‘The inhalation of oxygen lessens the discomfort of forced breathing. 
It enables young men with a great power of pulmonary ventilation to go 
on with forced breathing for as long as 19 minutes, and to wash the CO, 
out of the body till the alveolar tension sinks to as low as 1.47%.”’ 


The lowest alveolar CO. content observed by Collip and Backus 
was 2.1 per cent and the average, after hyperpnea, was 2.9. The 
corresponding figures in the experiments of Grant and Goldman 
were 2.47 and 2.76, respectively. But Hill and Flack were able 
to lower it to 1.47 per cent without the appearance of tetany, 
because there was no anoxemia. 

Paradoxical as it may seem, there can be little doubt but that 
forced breathing produces tissue asphyxia. It is this and not the 
increased alkalinity, per se, that induces tetany. 
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It would appear that as long as life exists at all, the reaction 
of the blood can be changed only to a very slight degree. Such 
changes as do occur seem to affect, directly, only the respiration. 
It is the respiratory center that is, next to the buffer properties of 
the blood itself, the immediately active regulator of the reaction of 
the blood. The kidneys act more slowly. The respiratory center 
ean be set aside, as in forced respiration, or given too great a 
task, as in intravenous administration of acid or of alkali, but, 
ordinarily, it functions quickly and adequately and maintains 
the reaction of the blood at a nearly constant value. 


EXPERIMENTAL. 


After a fast of 1 or 2 days, the dog was catheterized and, under 
eocaine anesthesia, the femoral artery of one side and the vein of 
the other were exposed and attached to cannule. A sample of 
blood was taken from the artery. The bladder was washed with 
distilled water and the injection of the solution was then begun. 
In the earlier experiments (Experiments 1 to 7), the samples of 
blood were large, about 200 ec., and no others were drawn until 
marked symptoms had developed. In the later experiments 
however, the samples were smaller, not exceeding 60 ec., and were 
collected at intervals, after running out about 25 ce., to insure 
the collection of circulating blood. The titratable alkali was 
determined by the method of Greenwald and Lewman (25) and 
the lactie acid by a slight modification of that of Scott and Flinn 
(37). This unquestionably gives too high results in normal blood 
beeause glucose also yields a substance reacting with iodine but 
the rise after the injection of alkalies is almost certainly due to 
lactic acid for almost identical values were then obtained when 
the blood was precipitated with acid ammonium sulfate solution, 
the filtrate extracted with ether in a continuous extraction 
apparatus; and the extract, after evaporating off the ether and 
alcohol, used for the determination. 

Some of the blood was collected under paraffin, centrifuged 
at once, the cell volume was read off and the plasma used for the 
determination of hydrogen ion concentration, by Cullen’s method 
(employing the correction 0.18 to bring the pH at 20° to that at 
38°), of total and bicarbonate CO, by Van Slyke’s methods, and 
of sodium. In the later experiments, this was determined by 
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Kramer’s method but, in Experiments 1 to 7, the plasma was 
precipitated with picrie acid, the filtrate was oxidized with sulturie 
and nitric acids, the sulfuric and phosphoric acids were removed 
with barium hydroxide, this, in turn, with earbon dioxide and, 
finally, the sodium and potassium were weighed as mixed sulfates, 
in which the potassium was determined, gravimetrically, as the 
cobalti-nitrite and the sodium by difference. 

The urines secreted during the period of the experiment were 
analyzed by the following methods: Alkalinity, addition of excess 
H.SO,, boiling to remove COs, and titration with NaOH, using 
methyl red as indicator; chlorine, weighing as AgCl; phosphoric 
acid, Bell and Doisy (38); potassium and sodium, as in the picric 
acid filtrate from plasma; oeeasionally also by Kramer’s method: 
lactic acid, Scott and Flinn (37). 

It seems unnecessary to present detailed protocols. Three 
tvpieal experiments are reported in tabular form and a table com- 
paring the tonicity of sodium earbonate and bicarbonate with that 
of other sodium salts is presented. 


SUMMARY. 


After intravenous injection of sodium earbonate or bicarbonate 
into dogs, there is a retention of carbon dioxide which is so great 
that the reaction of the blood is changed only slightly. Such 
change as does oecur, may be produced with comparatively small 
doses. If the injection is made sufficiently slowly to avoid 
apnea but is continued for a sufficiently long period, convulsions 
appear. Coincidently, the bicarbonate content and the alkalinity 
of the blood begin to diminish and this process continues so that, 
before death occurs, both may be less than normal. The change 
is due, in part, to the increased production of lactie acid. There 
is some evidence of the formation of some other non-volatile acid. 
The production of lactie acid appears to be increased before con- 
vulsions appear but it is enormously accelerated thereby. 

At the time convulsions appear, the concentration of sodium 
in the plasma is the same as was observed after the injection of 
other sodium salts (chloride, sulfate, phosphate). The convul- 
sions are ascribed to “sodium poisoning,”’ a disturbance, due to 
an excess of sodium, of the normal equilibrium between sodium 
and other ions. 
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The evidence in favor of a relation between alkalosis and the 
tetany ot parathyroidectomized dogs, gastric tetany, and the tet- 
anv of hyperpnea is examined. It is shown that only in the 
last named is there any indication of a change in the reaction of 
the blood and that, even in this ease, it is not the alkalosis, 
per se, but the tissue anoxemia that results from the increased 
stability of the oxvhemoglobin, that is the exciting factor. 


I am indebted to Mr. Joseph Gross and to Mr. Max Mever 
for their assistance with the experimental work. 
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Note Added to Proof.—Tisdall has recently reperted! the resulis of some 
experiments in which he injected sodium phosphate and phosphoric acid 
into dogs which he discusses under the title ‘‘ The influence of the sodium 
ion in the production of tetany.” According to Tisdall, there was no 
increase in the sodium content of the serum after the injection of 
NasHPO,, although the inorganie phosphorus of serum was increased by as 
much as 26 mg. per 100 cc., without any accompanying change in reaction 
or in COs-combining power. What neutralized the phosphoric acid re- 
tained in the serum is not evident nor is there any satisfactory explanation 
for the disappearance of the sodium injected with the phosphorus. It 
could not have been excreted during the injection, for the author (27) has 
shown that, during this period, the excretion of sodium is less than the 
amount equivalent to the phosphorus excreted. Possibly the sodium was 
excreted in the hour between the close of the injection of the phosphate and 
the drawing of the blood. 

Tisdall’s results for the sodium in the serum do not agree with those 
obtained by the author (27) for sodium in plasma after injections of sodium 
phosphate. In discussing those experiments, the author presented the 
hypothesis of ‘‘sodium poisoning,” a disturbance, due to excess of sodium, 
of the normal] relations between sodium and other ions, to explain the tetany 
and convulsions observed after injection of sodium phosphate, sulfate, or 
chloride and, in a later communication,” the hypothesis was extended to 
offer an explanation of the tetany observed after injection of sodium bicar- 
bonate or after hyperpnea, gastric lavage, or persistent vomiting. Tisdall 
completely neglects to mention either of these papers. 


1 Tisdall, F. F., J. Biol. Chem., 1922, liv, 35. 
2? Greenwald, 1., Proc. Soc. Exp. Biol. and Med., 1920-21, xviii, 228. 
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INTRODUCTION. 


In a recent review, Van Slyke (1921) had ably summarized the 
rdle of the various blood buffers in the carrying of carbon dioxide. 
However, his summary may be looked upon only as a first approxi- 
mation because the data upon which his ealeulations are based 
are taken from a variety of sources. Tor instance, he has made 
use of the old determinations of Abderhalden of phosphate in 
ox blood for the calculation of the buffer value of the phosphate of 
human blood. Furthermore, since there were no suitable data it 
has been necessary to assume a normal hemoglobin content for 
the two samples of human blood discussed. Likewise the data 
of Campbell and Poulton (1920-21) from which Van Slyke has 
calculated the buffer value of hemoglobin do not appear to be 
very accurate. Some of their points fall on either side of the 
curve by a few volumes per cent. It is not surprising then that 
we find in Van Slyke’s paper (p. 161) the following statement: 
i it must be confessed that the data could hardly be 
less satisfactory for estimating the relative parts that the buffers 
play in the total buffer effect of the blood.” 

In view of the importance of the subject, we have collected the 
data necessary for a recalculation of the degree of participation of 
the various buffers in the transport of carbon dioxide. This 
work has involved a study of the effect of oxygen unsaturation, 
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determinations of the carbon dioxide dissociation curves of oxy- 
genated and reduced blood, of separated sera and of dialyzed hemo- 
globin to which bicarbonate had been added and inorganic phos- 
phate analyses of the blood and serum. The buffer systems 
studied are identical with those discussed by Van Slyke but in 
one ease our entire data were obtained from a single sample of 


blood. 
PROCEDURE. 


The carbon dioxide and oxygen analyses were made by the 
technique described by Van Slyke and Stadie (1921) and the phos- 
phate analyses by the method of Bell and Doisy as modified by 
Briggs (1922). The gas mixtures were analyzed with a Hender- 
son burette. Four persons trained in blood gas investigation 
earried out the various analyses. 

The blood which was drawn from the cubital vein was defibrin- 
ated by shaking with glass beads in some of our experiments, and 
oxalated in others. In case a venous sample was desired it was 
taken with the usual precautions over oxalate after the blood had 
been flowing from the needle for a few seconds. In our three 
experiments discussed in detail in this paper it was found neces- 
sary to use a little stasis near the end of collection to secure a 
' sufficient quantity of blood. The blood in all of these three ex- 
periments was defibrinated. 

Three samples of the blood were simultaneously equilibrated 
at 38° with air or oxygen containing 20, 40, or 60 mm. of pressure 
of carbon dioxide and three others with hydrogen containing ap- 
proximately the same tensions of carbon dioxide. Upon comple- 
tion of the equilibration, the blood was transferred under oil to 
a small tube without having come in contact with any other gas. 
Analyses of COs. and O» in the blood and gas mixture were im- 
mediately carried out. The data so obtained were utilized to 
plot the curves of reduced and oxygenated blood of the three sub- 
jects whose bloods were studied. 

During the equilibration of the blood another sample of blood 
was centrifuged to obtain separated serum which was transferred 
to a paraffined tube and kept at 1°C. until the following day. 
The carbon dioxide absorption curve of this serum was determined. 
The data, so obtained on the separated serum, were plotted using 


4 
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the combined COs on the abscissa and pH on the ordinate. The 
curves (Curves 3, 4, and 5) are given in Fig. 1. From such a chart 
it is easy to interpolate the change in combined CQO, for a given 
change of pH. The curves demonstrate rather clearly the poor 


| 
| | 
74 4 \ | 3 4 5 


> 


20 30 40 50 
Vols.» combined CO: 


IFie.1. Curve 1, hemoglobin solution from blood of W. H. C.; Curve 2, 
hemoglobin solution from blood of J. M.; Curve 3, separated serum of J. M.; 
Curve 4, separated serum of E, A. D.; Curve 5, separated serum of W. H.C. 

The combined CO, is plotted against the pH calculated from the Hassel- 
baleh formula. The work of Campbell and Poulton indicates that such a 
calculation is permissible for oxyhemoglobin solutions when the pH is 
more alkaline than the isoelectric point. 


60 


buffer value of the self-possessed serum buffers. It is obvious 
that a comparatively large decrease of pH would be necessary for 
a separated serum to give up alkali sufficient to bind 2 or 3 ce. 
of COs which is the amount carried in the blood (E.A.D.) showing 
least difference between arterial and venous states. The shape 
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and slope of the curves of the separated sera of the blood of E.A.D. 
and W.H.C. show a very pleasing agreement. The curve of J.M. 
differs appreciably from these but whether this is a real difference 
or an error in the technique we are unable to state. 

The cells which were obtained by centrifuging a sample of blood 
were washed four times with isotonic salt solutions, laked with 
distilled water, and dialyzed at 1°C. under toluene against many 
changes of distilled water and then against water contaming suffi- 
cient carbon dioxide to give a pH of 4. After several days, analyses 
of the hemoglobin solution showed the presence of only a trace of 
inorganic anions and eations. The solution was then centrifuged 
at high speed and the clear supernatant liquid taken off with a 
pipette from the thick viscous sediment.! Sodium bicarbonate 
was added in sufficient quantity to give a concentration of ap- 
proximately 0.03 mM. This solution was equilibrated with various 
earbon dioxide-air mixtures and then analvzed for COs. From the 
data so obtained curves were plotted with the combined carbon 
dioxide on the abscissa and the ealeulated pli on the ordinate. 
The main point of uncertainty in this work was the calculation of 
pH beeause of lack of sufficient reliable data on the solubility 
coefficient of CO. in hemoglobin solutions. In a single case 
Bohr (1909) has given 0.522 as the solubility coefficient of an 
‘11 per cent solution of hemoglobin and from this and the strength 
of our solutions, we have calculated the coefficient used. 

The hemoglobin concentration was determined gasometrically 
and colorimetrically (Palmer, 1918). Data on the hemoglobin 
prepared from the blood of E.A.D. were discarded because of 
lack of agreement in the results of these two methods. It is 
probable that some methemoglobin was present although it was 
not positively identified spectroscopically. 


1 Centrifugation actually stratified the solution into three layers; a thin 
upper layer which was cream-colored and resembled butter in its consist- 
ency;a lower layer which was composed of solid particles which were insolu- 
ble in water and dilute alkali; and an intermediate portion which was a 
clear deep red solution. The last named fraction was separated from the 
other two and used for our work. It represents neither completely 
purified hemoglobin nor dialyzed cell contents, but we feel that it ap- 
proached the former pretty closely. It is possible and indeed probable 
that some of the substances of the two strata which were not used possess 
buffer value. In keeping with this idea is our failure to account for the 
entire 100 per cent of the CO2 which was earried. 
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The amount of hemoglobin in the solution prepared from blood 
of W.H.C. was found to be equivalent to 18.0 ce. and that from 
J.M., 14.0 ec. of O2 per 100 ec. We have taken as the COs solu- 
bility coefficient for the former 0.515 and for the latter 0.524. 
These values are probably shghtly ineorrect, but we do not see 
how this can introduce any serious error in our deductions. 

Study of Curves 1 and 2 of Fig. 1 shows a decided difference in 
the capacity of the two solutions to furnish base for combination 
with carbonic acid. ‘This is to be expected on the ground of the 
difference in concentration of hemoglobin. However, if we take, 
for example, a range of pH from 7.30 to 7.20 and correct the 
yalues to the same concentration of hemoglobin we get the re- 
sults given in Table I. 

TABLE I. 
Buffer Value of Hemoglobin. 


Volumes per cent combined COsz. 


Curve No. Corrected to Hb 
At pH 7.30. At pH 7.20. Difference, | Cauivaient 
cent O2. 
1 26.3 30.3 4.0 4.00 
2 36.8 39.5 y 3.47 


We ean see no valid reason for this diserepaney (4.0 and 3.47 
volumes per cent COs) but it may be pointed out that the solutions 
may have differed in their degree of purity. We are inclined to 
believe that since we were measuring larger differences in carbon 
dioxide concentrations, that the data from which Curve 1 are 
constructed are the more reliable. This curve was used in the 
calculations of the buffer value of the hemoglobin of W.H.C. 
and of It.A.D.; the other for the blood of J.M. 

Our data, then, include the carbon dioxide absorption curves 
of oxygenated blood or reduced blood, of separated serum, of a 
hemoglobin-bicarbonate solution, and of phosphate analyses of 
blood and serum upon a single sample of blood (J.M.). In the 
case of W.H.C., we have used data obtained from a study of two 
different samples of his blood. For E.A.D. all of the data except 
that of the dialyzed hemoglobin were obtained upon a single 
sample of his blood. 


i j 
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In addition to the data enumerated, we have determined the 
O. and COs eontent of one or more samples of venous blood from 
each of these subjects. This permits us to deal with the probable 
arterial to venous change in the body. 


Relation of Oxygen Unsaturation to Increased Capacity to Bind 
Carbon Dioxide. 


Ordinate Correction (Peters, Barr, and Rule, 1921).—Our first 
task was an attempt to establish a little more accurately the effect 
of oxygen unsaturation on the capacity of the blood to bind 
carbon dioxide. As is already well known, Christiansen, Douglas, 
and Haldane (1914) were the first to demonstrate clearly that the 
blood in which the hemoglobin has been reduced binds more CO, 
at any CO. tension than when the hemoglobin is present in the 
oxygenated form. Since their paper, both Parsons (1917) and 
Joffe and Poulton (1920-21) have published work on oxygenated 
and reduced blood. The quantitative relationship between the 
increment of CO. and the degree of oxygen unsaturation has 
been discussed? by L. J. Henderson (1921). None of the earlier 
workers appear to have appreciated the importance of the quanti- 
tative relationship and have not given sufficient data on Os de- 
termination to permit of their results being utilized with certainty. 

Peters, Barr, and Rule (1921) in attempting an analysis of this 
relationship have calculated an empirical factor to correct venous 
points for oxvgen unsaturation, but in so doing have been foreed 
to assume that the hemoglobin content of Haldane’s and of Joffe’s 
blood did not vary from day to day. By obtaining complete 
data on several single samples of blood, we have attempted to 
make good this deficiency. Most of the experiments were carried 
out on oxalated blood, but some were on defibrinated blood. Con- 
trary to the findings of Haggard and Henderson (1920-21) and 
in agreement with Peters, Barr, and Rule (1921), we find that the 
effect of oxygen unsaturation is quantitatively the same in de- 
fibrinated and oxalated blood. This result was first obtained 
on dog blood and later substantiated in our work on human 
blood. Results on two specimens of blood from J.M. are given 
in Table II. 

2 L. J. Henderson has very clearly stated this situation and called atten- 


tion to the equilibrium existing between the oxygen of the blood and the 
carbon dioxide of its plasma, 


¥ 
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We have taken the liberty of applving the term ordinate 
correction to the type of correction for oxygen unsaturation that 
Peters, Barr, and Rule have introduced. This terminology 1s 
used because the numerical value is obtained by dividing the 
difference in the ordinates (volumes per cent CQO.) of the curves of 
reduced and oxygenated blood by the oxygen unsaturation of 
the hemoglobin of the reduced blood. 

The agreement is not exact, but we think that it is as good as 
could be expected due to the nature of the work. 

It will be noted that our values for the correction of oxygen un- 
saturation are appreciably lower than those given by Peters, Barr, 
and Rule (0.34). In Table ITI, we have tabulated the data from 
all our experiments on human blood in which the equilibration 
occurred at carbon dioxide tensions which might exist in the body. 
We have calculated the mean value for the ordinate correction 
and found it to be 0.27. 

TABLE II, 


Effect of Oxygen Unsaturation on Oxalated and Defibrinated Blood. 


Oxalated blood. | Defibrinated blood. 


7.2) 


pH of reduced samples. .......... 7.35 | 
Ordinate correction. ............. 0.25 | 0.24 0.28 0.27 
0.42 | 0.45 | 0.47 0.45 


Teeling rather confident that we could not have made so gross 
an error as indicated by the difference between the ratios 0.27 
and 0.34, we attempted to analyze the data from which the curves 
of Joffe and of Haldane were constructed. We found that the 
carbon dioxide absorption curves were drawn from points deter- 
mined upon a number of different days. In a few cases sufficient 
data obtained on a single day were presented which permitted us 
to calculate the difference in ordinates between an oxygenated 
and reduced point. Of course, we are making the possibly un- 
justified assumption that the blood remained unaltered during 
the period of observation each day. The values obtained from 
these calculations are given in Table IV. 

While the values so obtained are rather variable, it is obvious 
that our treatment of Haldane’s data lends some support to the 
mean value obtained by us on the study of several samples of 
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blood. Parsons’ data are more or less neutral while Joffe’s data 
seem to support the value given by Peters, Barr, and Rule. How- 
ever, we have given reasons for thinking that the denominator of 


2 


C 
the fraction is too small in this ease which, if true, would re- 


O» 
duce the values to a lower level. 


TABLE III. 
Ordinate Correction for Oxygen Unsaturation. 
difference in COs 
Subject. tension of seduced point "| Chemically com- 
reduced samples. | and oxygenated ondhnandh anil 3 divided by 
curve, oxygenated blood. values of Column4, 
(1) (2) (3) (4) (5) 
mm, vol. per cent vol. per cent 
JI.M.K 33.4 5.0 18.0 0.28 
60.3 1.6 13.0 0.12* 
M.D. 37.0 4.7 0.25 
61.3 5.4 17.4 0.29 
32.0 5.2 18.4 0.28 
— 3.6 18.6 0.20 
J. M. | 37.9 4.7 1S.8 0.25 
| 68.4 4.5 18.7 0.24 
M. H. 70.5 5.0 16.57 0.30 
M. 34.7 0.28 
E. A. D. 46.3 4.3 | 15.5 0.28 
W.H.C 42.5 4.3 | 14.5 0.30 
$3.3 3.8 14.8 0.26 
J. M. 31.7 4.7 17.4 0.27 
61.7 4.5 16.5 0.27 
E. A. D. 37.5 §.2 18.37 0.28 
71.6 5.4 18.37 0.29 
4.4 15.5¢ 0.28 
| 63.8 4.5 15.5T 0.29 


* Omitted in taking the mean. 
content of reduced blood calculated from Hill’s equation. 


In the lower section of Table III, we have tabulated our results 
on the three samples of blood which are to be discussed in detail 
later. It is evident that the agreement with our mean values Is 
very good in the blood of J.M. but not so pleasing in the other 
two samples. We consider it more justifiable to use the mean 


TABLE IV. 
Ordinate Correction: Data from Blood of Haldane, Parsons, and Joffe. 


CO; difference between diterence in 
Subject. tension of reduced point ‘Values Col umn 
reduced samples. | and oxygenated cadeatnd qual 3 divided by 
curve. oxygenated blood, |V#luesof Column. 
(1) (2) (3) (4) (5) 
bee mm, vol. per cent vol. per cent 
Haldane. 78.7 9.0 18.0 0.50 
37.9 4.9 18.0 0.27 
58.2 4.9 18.0 0.27 
74.2 59.0 18.0 0.28 
34.5 3.3 18.0 0.18 
60.9 0.4 18.0 0.30 
Parsons. 19.6 4.3 8.0 0.24 
33.4 6.3 18.0 0.30 
37.4 3.9 18.0 0.20 
72.1 3.4 18.0 0.19 
Joffe. 27.6 5.95 16.8 0.32 
36.8 6.6 16.8 0.39 
50.5 16.8 0.33 
41.7 1.6 16.8 0.10 
47.0 0.0 16.8 0.30 
50.7 5.4 16.5 0.32 
82.2 9.2 16.8 0.55 


In our consideration of the bloods of Haldane, Parsons, and Joffe, we 
are confronted with doubt as to the value of unsaturation that should be 
used. We have assumed that the concentration of hemoglobin on the differ- 
ent experimental days was constant and since no data on this point are 
given in the papers of Haldane and of Parsons that it was equivalent to 
18.5 volumes per cent of oxygen from which we deduce the oxygen unsatu- 
ration to be about 18.0 ce. We are more fortunate in the data given on 
Joffe’s blood in that the oxygen capacity is stated to be 18.7 volumes per 
cent, but we do not know whether this value holds for all experimental days. 
Assuming that it does the oxygen unsaturation was about 16.8 ce. 

We question the application of the oxygen capacity value given by 
Joffe for two reasons: (1) The absorption curve of his oxygenated blood 
rises a little more rapidly than those of the different samples of blood 
containing about 18.0 volumes per cent of oxvgen that we have studied; and 
(2) The corpuscle volume is generally roughly parallel to the amount of 
hemoglobin present. We have found that there is more than the normal 
oxygen capacity when the corpuscular volume exceeds that of the serum. 
The mean of Joffe’s hematocrit determinations gives the volume of corpus- 
cles as 51 per cent. A blood with corpuscle volume of 40 to 45 per cent 
generally has an oxygen capacity of ISto 19 ec. per 100 cc. 

Data were taken from the following papers in the preparation of this 
table: Christiansen, Douglas, and Haldane (1914), p. 249; Parsons (1917), 
p. 448; Joffe and Poulton (1921-22), Table VII, p. 150. 
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value, 0.27, to correct for the effect of oxygen unsaturation; 
7.€., an average value possesses more weight than the individual 
determinations. 


Tsohydric Correction for Oxygen Unsaturation. 


When additional CQ, is taken up by blood without change in 
pH an increase in oxygen unsaturation must result. The ratio 
between the volume of COs gained and of Oz lost, without change 
in pH, we have designated the “isohydric correction for oxvgen 
unsaturation.”” This factor necessarily cannot be a constant 
beeause the acid dissociation constants of oxy- and reduced hemo- 
globin are slightly different but it is approximately so over the 
small range of pH considered in our paper. 

The total COs values of the oxygenated and reduced bloods 
have been plotted against their calculated pH and the isohydrie 
increase of total COs read from the charts. Oxygen was deter- 
mined in the oxygenated and reduced specimens and the data 
obtained in our studies are given in Table V. The mean value 
was found to be 0.44 which means that when 1 ce. of combined 
Os» is lost 0.44 ec. of CO. must be added to maintain the pH 
without change. When 1 ce. of Os is lost at any normal COQ, 
tension some base is freed to combine with COs which increases 
the bicarbonate and would make the blood more alkaline were 
not the COs tension increased to compensate this (Henderson, 
1921). 


Evaluation of the Buffers of the Blood. 


As Van Slyke has pointed out in his review of the carbon dioxide 
carriers, there are two distinct types of buffer action in the blood: 

1. That due to the reduction of hemoglobin, z.e. when the arterial 
blood loses oxygen in its passage through the capillaries, a certain 
definite quantity of carbon dioxide must be taken up with an 
increase in bicarbonate and the partial pressure of CO2 must be 
raised to maintain the pH without change and to prevent the blood 
from actually becoming more alkaline. This may be called an 
tsohydric increase of carbon dioxide and according to the present 
theory it is due entirely to hemoglobin being a weaker acid than 
oxyhemoglobin. 
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2. That due to still further increase in the concentration of 
H.oCO; which means an increase in hydrogen ion concentration 
which naturally causes a readjustment of the various buffer 
systems by which some of the alkali of the salts of the various 


TABLE 


Isohydric Absorption of Carbon Dioxide (Total COz) with Loss of Oxygen. 


| Isohydric ratio 
Subject. ae COs, unsaturation of | 
| | vol. per cent vol. per cent | ce. 
2.4 13.0 0.20* 
M. D | 7.35 | 8.0 17.7 0.45 
| 7.20 | 7.8 17.4 0.45 
G.D. 18.4 0.54 
| 7.20 | 6.7 18.6 0.36 
E. A.D 7.32 ! 6.2 15.5 | 0.40 
J.M. | 7.35 7.8 18.8 0.42 
| 7.17 8.3 18.7 0.45 
7.33 6.0 14.5 0.41 
| 7.12 6.2 14.8 0.42 
M. H. | 7.18 7.2 16.5 0.44 
M. | 7.34 6.7 16.0 0.41 
E. A. D. | 8.5 0.46 
7.17 9.3 18. 3+ 0.51 
J. M. 7.36 7.9 17.4 0.45 
7.21 7.6 16.5 0.46 
W. H.C. 7.39 7.5 15.57 0.48 
7.21 6.8 15.57 0.44 
0.466 


* Iixcluded from the average. 
y Oxygen content of the reduced samples was calculated from Hill’s 
equation. 


weak acids is combined with carbon dioxide thereby increasing the 
concentration of bicarbonate and of the weak acids, including 
carbonic. In the following systems the numerator is decreased 
and the denominator increased: 


— 
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BHbO, BHb B — protein B,HPO, 
HHbO, ’ HHb’ H — protein’ BH.PO, 


To illustrate more clearly the evaluation of the buffers, we give 
the details of the calculations of the participation of each in the 
blood of J.M. when it changes from the arterial to venous condi- 
tion. In this connection it is necessary to say that the venous 
blood was analyzed but that no analyses of arterial blood were 
made. The data of the arterial point are based upon an hypo- 
thetical ideal relationship to the venous blood. 


Determination of Arterial and Venous Points. 


Venous Point.—The venous point on the CO, dissociation curve 
must lie somewhat above the oxygenated curve because of the 
larger CO.-combining power at the prevailing CO: tension result- 
ing from its oxygen unsaturation. Using our factor of 0.27 
volumes per cent of oxygen unsaturation, we have: Combined 
O, of fully saturated blood (19.4)—combined O2 in venous blood 
(11.8) = 7.6 volumes per cent venous O» unsaturation of hemoglo- 
bin. 7.6 & 0.27 = 2.05 volumes per cent CQ, higher than oxy- 
genated curve. (See Fig. 2.) 

The observed total CO. of venous blood, 53.9 ee. — 2.05 = 
51.85 ee., therefore gives the ordinate (volumes per cent CO,) 
of a point on the oxygenated curve having the same COs, tension 
(abscissa) as venous blood. A line drawn from the ordinate 51.85 
cuts the oxygenated curve at the point corresponding to 59.8 
mm. of CQ. tension. The venous point, therefore, is located at 
the intersection of 53.9 volumes per cent CO, and 59.8 mm. of 
COs. 

Its pH is calculated by the familiar Hasselbalch (1917) equa- 
tion in the form used by Van Slyke (1921). 
total CO. — 0.0672 p 

0.0672 p 
53.9 — (0.672 & 59.8) 

0.0672 X 59.8 

= 7.194 venous pH 


pili = ph + log 


= 6.10 + log 


Arterial Point.—True arterial blood was not analyzed, but the 
arterial point can be calculated as follows. Assuming the arterial 
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Fic. 2. Blood of J. M. Volumes per cent of total CO: are plotted against 
millimeters of pressure of CO:. Three points on the oxygenated and red- 
uced curves were determined on the same sample of blood. The reduced 
point at 57.7 tensions of CO, has a greater oxygen unsaturation than 
the other two reduced points. Consequently we have drawn the curve 
through a point at a level which corrects for this difference in unsaturation. 


blood to be 95 per cent saturated with oxvgen (Van Slivke and 
Stadie, 1921), its oxvgen content would be 19.4 & 0.95 = 18.43 


+ 0.24 ec. dissolved oxygen = 18.67 volumes per cent OQ»: con- 
tent. The venous blood contained 11.9 volumes per cent Oz; 
and 18.67 — 11.9 = 6.77 ee. of Os were lost from the biood 


during its passage through the eapiliaries. Assuming a normal 
fasting respiratory quotient? of 0.75, the venous blood must 
have taken up (6.77 X 0.75) = 5.08 ee. of COs, and the content 


§ In our discussion of the isohydrie absorption of COs, we have used the 
combined Os as a measure of the concentration of hemoglobin. Conse- 
quently, in the location of the venous point it has been necesszry to correct 
for the volumes per cent of unsaturation of the hemoglobin. NHowever, in 
calculating the CO, carried from the difference of oxygen content of the 
arterial and venous blood the actual loss of oxygen (/.¢. difference in their 
oxygen contents) must be considered. 

‘It is obvious that in assuming a respiratory quotient of this value our 
discussion emphasizes the quota of CO: earried ischydrically. If we had 
assumed a respiratory quotient of 1.00 then the absolute amount of CO. 
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of arterial blood was 53.9 — 5.08 = 48.82 ec. Using 48.82 
volumes per cent total COQ. as the ordinate and allowing for the 
unsaturation of the arterial blood, the arterial point is located on 
the chart and its abscissa (mm. of tension) found to be 50.0 mm. 
of COs. The figures for the arterial and venous blood of J.M. are 
given in Table VI. 


TABLE VI. 
Arterial and Venous Blood of J. M. 
| Venous. Arterial. 


Buffer Effect of Loss of Oxygen from Arterial Blood: Tupe 1. 


Our consideration of the first type of buffer reaction (p. 320) 
has led us to adopt 0.44 as the isohydrie increase of CO: for every 
volume per cent of O. unsaturation of the blood. The difference 
in the oxygen unsaturation of the hemoglobin in the arterial and 
venous blood of J.M. is 18.43 — 11.80 = 6.63 ce. 


6.63 & 0.44 = 2.92 ec. of CO, absorbed without change of pH 


Starting with 48.82 ec. as the arterial total CO, we add to it 
2.92 ec. of total COs which were taken up isohydrically by the 
loss of 6.63 ec. of Os from the hemoglobin. From this value and 
the arterial pH, we can calculate the dissolved CO, added in 


volumes per cent. 


pis + log 0.0672 p 


(13.52 X 0.0672 p) + 0.0672 p = 51.74 
0.9085 p + 0.0672 p = 0.9757 p = 51.74 
p = 93.03 mim, 


carried by a given reduction of hemoglobin would remain the same (isohy- 
drice constant, 0.44) but the absolute amounts carried by the buffers coming 
into play with a change of pH would be greater and there would necessarily 
be a larger difference in the pH of the arterial and venous blood. 

As a nearly related fact, it is necessary to point out the theoretical 
dependence of the difference of pH between the arterial and venous condi- 
tions upon the quantity of oxygen lost in the capillaries and the respira- 
tory quotient. If more oxygen is lost then the change of pH is greater (see 
Table VIL). 
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But the venous tension was 59.8 mm., so 59.8 — 53.0 = 6.8 
mm. of COs increase in tension to change pH from 7.231 to 7.194 
and 53.0 — 50.0 = 3.0 mm. to maintain arterial pH in the venous 
blood for the amount of oxygen lost. 3.0 & 0.672 = 0.20 ce. 
of COs physically dissolved. The combined CQO. then is 2.92 
— 0.20 = 2.72 ec. earned isohydrically by loss of 6.63 ec. of 
O. from the hemoglobin. 


Buffer Reactions of Type 2 (Change in pH). 


Hemoglobin.—Proceeding to a study of the réle of the other 
buffers, reference to the chart of the hemoglobin prepared from 
J.M.’s blood shows that between the range of pH 7.25 to 7.15, a 
difference of 0.10, the hemoglobin gave up alkali sufficient to 
bind 2.7.ec. of CO. But the change from arterial to venous was 
only pH 7.231 to 7.194, or 0.037. 

2.4% pone = 0.999 ee. of CO, bound by this change of pH 
0.100 

The prepared solution had a hemoglobin content equivalent 
to 14.0 volumes per cent of O. and the blood of J.M. a hemoglobin 
content of 19.4 volumes per cent of On. 


19.4 
0.999 X 1407 1.384 ec. of COs by the same change of pH in 


the concentration existing in the blood of J.M. This involves 
the assumption that reduced hemoglobin has the same _ buffer 
value as oxyhemoglobin in this range of pH.- From some of our 
work on dog hemoglobin we believe that this is approximately 
true and that this cannot introduce any appreciable error. 
Separated Serum Buffers —Referring to the separated serum 
chart, we can read off directly the quantity of combined CO, 
carried by a change of pH from 7.25 to 7.15. It is found that 
0.70 ec. of COs is bound by base yielded by separated serum buffers 
in changing from pH 7.25 to 7.15 and from this it is ealeulated 
that 0.259 ee. is yielded in changing from pH 7.231 to pH 7.194. 
Since this is the quantity yielded per 100 ec. of serum and there 
are only 55 ec. of serum per 100 ec. of blood, this value must be 
corrected as follows: 
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0.259 & 0.55 = 0.142 ec. of CO: earried by all butfers of separated serum 
per 100 ec. of blood. 


Phosphates.—Analvses showed the concentration of inorganic 
phosphate to be 0.00073 mM, from which we derived the quantity 
of base given up by BLoLH PO, in changing the pH of this svstem from 
7.231 to 7.194 (see Van Slyke (1921), p. 149). 


7.231 = 68 + 7.194 = 6.8 + 10g = 
0.431 = log 0.304 = log 
x 
2.698 x = 9477 x = 0.00073 — x 
= 0.000197 at x = 0.000210 


0.000210 — 0.000197 = 0.000013 M hase from B.HMPO, 


0.000013 & 2.240 = 0.029 ec. of CO, carried by base from inorganic phos- 
phate buffer system of whole blood. 


According to a recent paper by Zucker and Gutman (1922) 
the concentration of phosphate of serum and of whole blood in 
fresh specimens is identical. Relying upon this observation with 
which some of our work coincides, we have made a correction 
of the phosphate buffer value of serum in order to avoid a 
duplication. 

55 per cent of the blood of J. M. was serum and therefore pos- 
sessed 55 per cent of the buifer value of the inorganic phosphate 
which must be subtracted from the total. 


0.029 * 0.55 = 0.016 ec. of COs carried by base yielded by phosphate of 
serum and therefore taken into account in the bufters of separated serum. 

0.029 — 0.016 = 0.013 ee. of CO, earried by the inorganie phosphate of the 
cells. 


Physically Dissolved Carbon Dioxide-—We have now accounted 
for all of the bound earbon dioxide due to our different known 
buffer systems. “Phere remains then only the physically dis- 
solved fraction. The total inerease is merely the difference of 
arterial and venous CQO, tensions multiplied by the solubility 
eoefiicient of COs mn biood., 


! 
Na. HPO, 
= +. ine 
pif pix; + log 
| 
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9.8 < 0.0672 = 0.658 ec. carried as physically dissolved. 
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The data of this blood and of the other two studied are tabulated 
in Table VII, and in Table VIII we have collected the caleulated 
amounts of COs, earried by the various buffer systems. 


TABLE VII. 


Data on Arterial and Venous Blood of Subjects Studied. 


| 
E.A.D.|W.H.C.; J.M. 
| 


Total Oz content, arterial blood, vol. 


Oxygen capacity of hemoglobin, vel. per cent. 
Chemically combined Os, arterial blood, vol. per cent.. 
Total COs, arterial blood, vol. per cent... 
Dissolved COs, arterial blood, vol. per cent........... 
BHCO;, arterial blood, vol. per cent. 
CO, tension, arterial blood, mm... 
Total CO:, isohydrie absorption, vol. per cent........ 


5.00 9.80 


3.10 


10 15.44 18.67 


11.90 
6.77 


19.40 
18.45 
11.80 

6.63 


7, 4°.82 


53.90 
5.08 


| 5.64 
| | | 
| 18.80 16.0 | 
| 17.86 15.20) 
| 14.87| 9.70 
| 2.99] 5.50 
4.58 
48.90) 54.50 
| 23m 4.23 
| | | 
| 
| 3.10} 3.25! 3.36 
| 3.35} 3.76) 4.02 
43.48) 47.02 45.46 
| 45.55! 50.74 49.88 
| 46.2 | 48.4 | 50.0 
49.9 | 56.0 | 59.8 
9.8 
7.246) 7.260) 7.231 
| 7.233] 7.230) 7.194 
0.030 0.037 
| | 
1.320 2.42 | 2.92 
| 0.087) 0.158 0.20 
| 1.233) 2.262) 2.72 
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TABLE VIII. 
Carbon Dioxide Carried by Buffer Systems Studied, 


| E.A.D. W.H.C. IM. 
| 
| | = percent) vol. per cent 
bs nt of total jon of total | per cent) of total 
| 
Total COs: carried for R. Q. of 0.75... 2.32 | 4.23 5.08 


BHCO, earried isohydrieally | | | 


11.233 53.1 |2.262) 53.5 | 2.72 | 53.5 
BIHICO; earried by change of pH. | | 
By hemoglobin: BHbO.-HHbO, | 
BHb — HHb... 0.330 9 1.070) 25.3 | 1.384 27.2 
0. 010 43.0. 012; 0.3 0.013) 0.25 
By separated serum....... 10.089) 3.840. 198; 4.7 | 0.142; 2.8 
CO: physically dissolved . 0. 249) 10.7 0. 12.1 0.657 12.9 
Sum, per cent of tolal. .........-.... 2.020 87.0 053 96.0 4.196 97.0 
Per cent of total COs earried by | | | ) 


DISCUSSION OF RESULTS. 


From our data, we have ealeulated the relative amount of 
alkali furnished by each of the various known blood buffers for 
binding carbon dioxide under a normal arterial to venous change 
of state. The pereentage of increment of total carbon dioxide 
accounted for in the three samples studied varies from 87 to 97. 
~With regard to the experiment in which only 87 per cent was 
aecounted for, it may be stated that the discrepancy apparently 
lies in that the calculated pH change is too small. By the manner 
in which we determine the isohydrie quota of COs, it is to be ex- 
pected that these results for the three samples of blood would 
agree. However, the CO, carried by the change in reaction of 
this blood is 10 per cent less than that of the other two. This 
may mean an error in our pH calculation which is possibly due 
to a mistake in the data or in construction of the oxygenated 
carbon dioxide absorption curve. It might also be referred to a 
lack of constancy of the isohydrie oe ratio over the range studied; 

2 
reference to Table V shows that this blood gave a ratio appreciably 
higher than the other two and the average figure used in our 
calculations. This latter possibility must be strongly discounted 
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if our present idea of the effect of reduction is to remain unmodi- 
fied. In this connection it may be noted that the isohydrie ratios 
found with oxygenated and reduced dialyzed hemoglobin are 
generally considerably lower than those obtained for blood. We 
hope to be able to elucidate this point at a later date. 

The arterial to venous pli change requires some comment. 
Both Hasselbaich and Parsons consider this change to be about 
0.02. Parsons in particular has based this estimate on the loss 
of 6.0 ee. of Oz and the taking up of sufficient CO, to give a norma! 
respiratory quotient. As we have studied his paper it appears 
to us that his data are not adequate to make this approximation 
conclusive. The results from which his curves are constructed 
are quite seattered, which may be due to his utilization of data 
obtained on blood on different experimental days, and we have 
not been able to use them in our study. 

Still more recently Peters, Barr, and Rule have studied the differ- 
ence of arterial and venous pH of normal men and have found it 
to be less than 0.02. While we appreciate the great technical 
difficulties? in work of such a nature, we must eall attention to 
two points both of which would cause a greater change of pH 
than that ealeulated by these investigators. 

1. The faetor (0.54) used by them to correct for oxygen un- 
saturation based on data on the blood of Haldane and of Joffe 
is appreciably greater than that found by us (0.27) in our work. 
This would give a greater quota of carbon dioxide taken up iso- 
hydriecally due to the oxygen unsaturation and lessen the differ- 
ence in CQO, tension between the arterial and venous blood. 

2. In most of their experiments and in all of the normal eases 
studied low blood respiratory quotients were found. This means 
that in the utilization of their data, they have corrected for 
a greater degree of oxygen unsaturation with respect to CO. 
earried than could probably exist physiologically for any length of 
time, and have thereby found changes of pH which are too small. 
At the present time it seems very probable to us that generally 
the blood at rest must have a normal respiratory quotient and in 


> This point has been discussed by Peters, Barr, and Rule (p.515). We 
might add that to our knowledge, no one has been uniformly successful in 
obtaining normal respiratory quotients in a study of arterial and venous 
blood of men. 
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fact we have found this to be true in blood drawn simultancously 
from the artery and vein of the same leg of a dog in several 
experiments. 

To satisfy ourselves, we have recalculated from the data given 
by Peters, Barr, and Rule the probable change of pH when allow- 
ance is made for these two points. To do this we have used their 
oxygen values and arterial CO, value and assumed that sufficient 
CQ, must have been added to the arterial blood in becoming venous 
to give a normal respiratory quotient of 0.75. With such assump- 
tions and using the blood of D.P.B. whose respiratory quotient 
(0.67) is the closest to normal the difference between the calculated 
arterial and venous pH is about 0.055 which is much greater than 
the difference indicated by the position of the arterial and venous 
points on their charts. 

This, then, seems to explain the difference between their con- 
clusions and ours on the arterial to venous pH changes. Theirs 
are based on actual determinations on arterial and venous blood 
showing physiologically improbable respiratory quotients; ours 
on venous blood and an ideal respiratory quotient. 

It might be well to recall that in Van Slyke’s calculations of 
the buffers of Haldane’s blood that for the loss of 6.3 ce. of Os and 
the respiratory quotient of 0.75, the change of pH is 0.03. 

It. seems worth while to point out that our calculated differences 
in arterial and venous CQ, tensions in the bloods of W.H.C. 
and J.M. are also a little larger than the usual estimate. In the 
former it is 7.6 mm. and in the latter 9.8mm. Both Haldane 
and Parsons estimate it to be from 5 to 7 mm., but Peters, Barr, 
and Rule have experimentally found differences as large as 10 
mm. with an average of 6 mm. 

Our results for the venous pH appear to be more acid than those 
generally accepted. They have been calculated from the Hassel- 
baleh formula which Donegan and Parsons (1918-19) have shown 
to give pH values which are less by about 0.07 than those obtained 
by them with the hydrogen electrode, which measures the pH of 
the plasma. We are inclined to agree with them on this score 
since our calculated values on blood and its serum show a similar 
difference. Our results on subject E.A.D. are given in Table 


IX for comparison. 
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Fic. 3. Blood of E. A. D. Volumes per cent of total CO» are plotted 


against millimeters of pressure of COz. Three points on the oxygenated 
and reduced curves were determined on the same sample of blood. 
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Fic. 4. Blood of W. H. C. Volumes per cent of total CO: are plotted 
against millimeters of pressure of CO2. The data were obtained from two 
samples of blood drawn at an interval of 6 weeks. 
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The mean difference seems to indicate that the calculated pH 
of the serum exceeds that of the blood by 0.05 +. The use of 
6.15: as pk; for blood and 6.10 for serum as advocated by Van 
Slyke (1922) would cause this difference to disappear. Possibly it 
might have been advisable to use this value in our caicuiations, 
but the various curves have so nearly the same slope over a longer 
range that no appreciable error has been introduced. It may 
well be that the pH of our venous samples was 0.05 greater than 
the figures given in the text, which would give us the values 7.244, 
7.28, and 7.283. The absolute values depend upon the value 
accepted for 

TABLE IX. 
Calculated pH of Blood and Its Serum. 


Oxygenated. | Reduced. 
| | 
45.0 | 42.5 | 22.4 | 37.5 | 71.6 
| 7.47| 7.33] 7.17) 7.54) 7.41) 7.21 
| 0.05, 0.07. 0.05 0.06 0.06 0.04 
SUMMARY, 


In a study of the various known buffer systems of the blood, we 
have been able to account for 87 to 97 per cent of the carbon 
dioxide earried in the change from an hypothetical arterial to an 
actual venous state. As previously pointed out (Van Slyke, 
1921), the hemoglobin plays the preeminent réle in the transport 
of both earbon dioxide and oxygen. About 75 to 80 per cent of 
the earbon dioxide carried is due to the hemoglobin, the remainder 
being carried by the other buffer systems. The buffer value of the 
inorganic phosphate is shown to be less than 1 per cent of the total, 
while that of the separated serum is less than 5 per cent. A 
revised value of 0.27 as a factor to correct for oxygen unsaturation 
in interpolating venous points is given. The isohydrie absorption 
of 0.44 volumes per cent of carbon dioxide occurs with each 
volume per cent of oxygen unsaturation of the hemoglobin 


of the blood. 
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Michael Somogyi’s help in the preparation of the charts. Thanks 
are due to certain students of the first year class for furnishing 


blood specimens. 
Protocols. 

Samples of blood were simultaneously equilibrated at 38° with three CO, 
tensions in the practical absence of oxygen and with three in the presence of 
air or oxygen. The samples were transferred to a small tube under a layer 
of oil without coming into contact with any othergas. CQO.analyses were 
made as rapidly as possible. 

The oxygen contents of the reduced samples of blood from E. A. D. and 
W.H.C. (Dec. 21) were calculated from Hill’s equation, but determined in 
the blood from J. M. and of W. HL. C. (Feb. 2). 

The separated serum was kept in a paraffined tube over night at 1°C. 
Equilibrations and analyses were carried out on the following day. 

Both oxygen and carbon dioxide were determined by the methods des- 
eribed by Van Slyke; and in the case of the blood of J. M. and W. H.C. 
(Feb. 2) by the more recent procedure of Van Slyke and Stadie. Phos- 
phorus was determined colorimetrically by a method described by Briggs 
(1922). 

Subject J. M. 


| Oxygenated blood. Reduced blood. 
| 
19.1 | 37.8 | 62.1 | 21.0 | 37.7 | 61.7 
Total COs, vol. per cent.......... 31.2 | 43.4 | 52.6 | 37.2 | 48.4 | 57.0 
wi 47) 7.31 7.16} 7.50} 7.36) 7.21 
O., chemically combined, ce... ... 19.4 | | 2.80) 2.0} 2.8 
Venous blood. 
Separated serum. 
16.3 39.1 60.3 
COE, CONE. 45.5 52.1 53.5 
Hemoglobin-bicarbonate solution. 
ee is.0 | 29.9 | 44.2 | 60.9 
vol. per 32.7 36.1 39.0 42.4 


(14.0 vol. per cent chemically combined 
| colorimetrically. 
113.8 vol. per cent chemically combined On, 


gasometrically. 
Inorganic P in blood, 2.27 mg. per 100 ec. 


Hemoglobin equivalent to 


* 
J 
3 
‘ 
2 
§ 
5 
4 
| 


Subject EB. 


A. 


dD. 


Buffers of the Blood 


Oxyeenated blood. 


Reduced blood. 


23.3 | 43.0 | 72.5 | 22.4 | 37.5 | 71.6 
Total COs, vol. per cent..........| 34.7 | 45.0 | 56.0 | 37.8 | 47.5 | 61.2 
7.42) 7.26) 7.12) 7.48, 7.35) 7.17 
Oo, mm. 667 00 653.00 622.00 5.6; 5.6 
Oz, chemic ally IS.S | 18.8 | 19.1 
| | | 0.50 ce. 
Serum from Serum from 
oxygenated blood. reduced blood. 
Total COs, rol. percent...........| 40.9 | 55.4 | 66.4 | 46.0 | 57.0 | 70.6 
| 7.47) 7.33) 7.17] 7.54) 7.41) 7.21 
Venous blood 
Separated serum. 
BHCOs, vol. per cent 51.3 | 35.8 | 58.4 
Inorganic P in blood, 5.3 mg. per 100 ce. 
Subject W. H.C. 
Dec. 21 | Oxygenated blood. | Reduced blood. 
| 
40.3 | 67.2 | 16.7 | 35.2 | 63.8 
Total COs, vol. per cent.......... 36.0 | 45.3 | 56.1 | 34.4 | 48.2 | 59.6 
Os, mm. 661,00 661.00 642.00 6.7 | 6.6 | 7.2 
Os, ce. 16.0. | Approximately 
| | | 0.50 ce. 
Venous blood. 
| Separated serum 
| 40.6 | 63.2 
! | 60.3 62.5 
7.65 | 7.42 7.24 


|| 
; 
| 
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Subject W. H. C.—Continued. 


Hemoglobin-bicarbonate solution. 


| S.4 | 28.3 | 42.4 
POT COME. | 16.4 | 27.9 | 32.4 


(18.1 vol. per cent chemically combined Os, 
gasometrically. 
Hemoglobin equivalent to 17.9 vol. per cent chemically combined O2, 
colorimetrically. 
Inorganic P in blood, 2.8 mg. per 100 ec. 


Feb. 2. | Oxvgenated blood. Reduced blood.* 
Total COs, vol. per cent........... 47.5 58.3 51.9 63.9 
O»., chemically combined, cc....... 18.0 3.5 3.2 


* It will be noted that the degree of unsaturation of this reduced blood 
is practically the same as that of the reduced blood of Dec. 21. A smooth 
curve can be drawn through all of these reduced points, yet the blood of 
Dec. 21 was defibrinated and that of Feb. 2, oxalated. 

The venous blood of Dec. 21 was used in our calculations. 
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IS ASPHYXIA THE CAUSE OF DRUG HYPERGLYCEMIAS? 


By A. L. TATUM ann A. J. ATKINSON, 


(From the Laboratory of Physiological Chemistry and Pharmacology, 
University of Chicago, Chicago.) 


(Received for publication, August 4, 1922. 


It is well known that asphyxia causes glycogenolysis. There- 
fore, 2 number of workers have attributed the hyperglycemia 
produced by ether and epinephrine solely to asphyxia. Stewart 
in his Manual of physiology states: 

“It has usually been assumed that the hyperglycemia of asphyxia is due 


to the effect upon the center of blood over-rich in carbon dioxide (and 
other metabolic products) or impoverished as regards oxygen.” 


He also states that there is some evidence that the altered 
blood may also affect the liver cells directly by interference with 
the internal respiration of the hepatie tissue, operating, it may 
be, through an increase in the concentration of the hydrogen 
ions (1). Sansum and Woodyatt (2) found that ether and nitrous 
oxide increase the glycosuria and D:N ratio in phlorhizin diabetes, 
sugar being derived from glycogen ‘probably through tissue 
asphyxia.”’ Ross and McGuigan (3) claim a direct action of ether, 
and that asphyxia is not essential. Ritzmann (4) supported the 
asphyxial explanation of the glycogenolytic activity of epinephrine 
by considering that epinephrine produces a portal stasis (by portal 
vasoconstriction) sufficient to cause anoxemia. It has, however, 
been shown by one of us (5) that there is no demonstrable degree 
of portal stasis following subcutaneous injections of epinephrine. 

The asphyxial theory of drug hyperglycemia seems to have 
been accepted by many investigators with no further proof than 
that asphyxia is of itself capable of causing hyperglycemia and 
that asphyxia is probably caused by these drugs. This to our 
mind leaves open the possibilities of asphyxia and glycogenolysis 
being parallel and not interdependent phenomena or that asphyxia 
is one of several factors producing the glycogenolysis. 
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Drug Hyperglycemias 


With the object of determining the réle of asphyxia in the 
hyperglycemia produced by the drugs which we shall deal with, 
we thought it necessary first to study the effect of simple asphyxia, 
without drug action. Carbon monoxide would seem to serve 
satisfactorily for this purpose since it has no direct action, but 
acts only by displacement of oxygen. We consider the alkaline 
reserve capacity of the blood to be a good measure of the asphyxia 
produced in cases uncomplicated by respiratory or circulatory 
disturbances other than asphyxial, since according to all avail- 
able evidences there is in asphyxia diminished oxidation, and 
the incomplete oxidation results in the failure of the intermediate 
acid metabolites to be burned to their normal end-products. 
This accounts for the fall in the alkaline reserve of the blood since 
these acid bodies are considered to be neutralized by sodium bi- 
carbonate, ammonia, and other buffers as they are formed. The 
alkaline reserve capacity then is diminished, and should portray 
the extent of the suboxidation caused by asphyxia. 

The carbon monoxide was made by adding concentrated sul- 
furie acid to oxalic acid and heating. The gas was freed from 
carbon dioxide by passing through 10 per cent sodium hydroxide. 
Rabbits were put in a bell jar and asphyxiated by passing in 
carbon monoxide. The blood sugar was determined by the method 
of Benedict (6). The alkaline reserve capacity was determined 
by the method previously described (7). A marked fall in reserve 
capacity with a mild or slight increase in sugar was obtained 
(Table I). 

Cyanides are considered to produce another type of asphyxia 
by lessened oxidation in the presence of an abundance of oxygen. 
Geppert (8) first asserted that hydrocyanic acid depressed physi- 
ological oxidations, and has called this ‘internal asphyxia,” 
since the oxygen is in the ordinary combination with hemoglobin; 
but there is an inability on the part of the cell to utilize the oxygen. 
Hyman (9) has shown that the effect in sponges is a primary 
increase followed by diminution, high concentrations produc- 
ing practically pure depression. Schoenbein (10) demonstrated 
that cyanides inhibit the activity of the oxidizing enzymes. 
Zillessen (11) reported that there was an increase in sugar and 
lactic acid in the blood under cyanide. 


A. L. Tatum and A. J. Atkinson 333 


If cyanides depress intracellular oxidation a study of the 
relation of its glycogenolytic activity to its production of acidosis 
should be important in connection with the relation of asphyxia 
and drug hyperglycemia. Accordingly, we injected sodium 


TABLE I. 
Effect of Carbon Monoxide Asphyxia on Alkaline Reserve Capacity and Blood 
Sugar Concentration in the Rabbit. 


Alka- 
— line Blood | Blood 
— Time. reserve! sugar | sugar Remarks. 
capac- | perce. | rise. 
ity. 
ce. mg. mg. 
143 8.30 a.m.!} 0.79 | 1.25 
a Administered CO for 16 min. 
9.38 “ 0.57 | 1.79 | 0.54 
10.5 ” 0.53 | 1.79 | 0.54 
12.05 p.m. | 0.52 | 1.74 
0.37 | 1.90 | 0.65 
145 9.30 a.m. | 0.68 | 1.30 
9.45 “ Administered CO for 27 min. 
10.20 ‘“ 0.42 | 2.43 | 1.08 
10.30 “ Killed by CO administered for 


19 min. 
10.50 0.39 | 3.26 1.91 


146 4.02 p.m. | 0.70 | 1.35 
* Administered CO for 33 min. 


147 | 10.15 a.m. | 0.80 | 1.37 
10.45 “ Administered CO for 35 min. 
la * 0.32 | 2.00 | 0.63 

0.35 | 2.00 | 0.63 


cyanide in the ear veins of rabbits and found a marked fall in 
the reserve capacity of blood with a relatively small rise in blood 
sugar concentration (Table II). 

The large fall in reserve capacity and small rise in sugar con- 
centration were all out of proportion to the large rise of sugar 


448 ‘* 0.42 | 1.77 | 0.42 | ; 
0.54 


TABLE If. 


Effect of Intravenous Injection of Sodium Cyanide on Alkaline Reserve ani 


Animal | 


No. 


150 


152 


Time. 


Alka- | 
line | Blood 


reserve sugar 


| Capac- | per ee, 


| 


| 


Blood Sugar.* 


Remarks. 


to 


w 


w 


50 
05 
30 


ity. | 

| 

| 1.20 

| 

| 
1.36 
1.15 
2.50 


0.28 | 2.30 


0.34 | 1.66 | 


0.60 | 1 36 | 


0.76 | 1.33 | 


0.49 
| 
0.45 


Injected 10 ec. 0.01 m NaCN 
into ear vein. Time 30 min. 


Injected 10 ec. 0.01 Mm NaCN, 
Time 30 min. Four convul- 


sions, 


Injected 10 ec. 0.01 um NaCNn, 
Time 30 min. Three econvul- 
sions. 


Injected 7.5 ce. 0.01 NaCNn, 
Time 30 min. Four mild eon- 
vulsions. 


Double splanchnotomized rab- 
bit. 
Injected 9 ec. 0.01 m NaCNn. 
Time 30 min. Four convul- 
sions. 


2 gm. urethane by stomach tube. 
Started artificial respiration with 
tracheotomy. 


Injected 0.01 m NaCN for 30 min. 
0.0lim “ 


* Folin-Wu method of biood sugar analysis. 


j | rise. | 
149 8.00 a.m. | 
S454 0.16 
| I 
| | 3.40 n.m. 
| 
4.15 « 1.15 
st | 4.00 | 
| 6.15 “. | 0.94 
| | | 0.60 1.16 | 
| 
| 3.45 | oso | 
153 | 10.00 a.m. S| 
'10.30 “ | | 
111.30 “ § 0.27 | 2.20} Om7 
138 | 11.30 “ 
12.15 p.m. | 
| 0.70 
0.65 
| “ 0.63 
art 
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and small fall of reserve seen with epinephrine (compare Tables 
If and NII). The fall in reserve with cyanide was greater 
than with carbon monoxide; but the sugar changes were of 
about the same order of magnitude (compare Tables I and II). 

Hvdroecvanie acid is one of the strongest stimulants of the 
respiratory center. Boehm (12) first demonstrated that the 
respiratory effects were central. The fall in reserve capacity 
seen with evanide then might be thought to be due to reduced 
tension of carbon dioxide in the alveoli and blood because of the 
increased pulmonary ventilation removing the carbon dioxide 
from the blood and lungs more promptly than usual. In order 
to determine whether the fall in reserve observed with eyanide 
was due to respiratory stimulation, animals were urethanized 
and given artificial respiration through a tracheal cannula, and 
then the effect of cyanide was determined. Under these condi- 
tions, evanide still produced a fall in reserve although the artificial 
respiration was maintained at a constant rate sufficient to main- 
tain quiescence of the respiratory center. See Table II, No. 
138. This indicates that the fall in reserve observed with evanide 
is not likely due to respiratory center stimulation, since, if it 
were, the reserve should not have decreased. 

Grove and Loevenhart (13), investigating the activity of 
iodoxybenzoie acid, found that it caused a brief arrest of respira- 
tion by depression of the respiratory center presumably because 
of the active oxygen; and that a definite antagonism exists between 
hyvdroevanie acid and sodium iodoxybenzoate in regard to the 
respiratory center. Since hydrocyaniec acid depresses oxidation, 
they assume that the antagonism between cyanides and sodium 
iodoxybenzoate indicates that the latter is capable of aecelerat- 
ing physiological oxidation, because of the effect on the respira- 
tion of the one is neutralized by the other. 

If sodium iodoxybenzoate acts by increasing intracellular oxida- 
tion and eyanides act by decreasing intracellular oxidation, we 
should expect to be able to see a manifestation of this antagonism 
on the glycogenolytic mechanism and on the asphyxia of cyanide 
as portrayed in the alkaline reserve capacity. On injecting iodoxy- 
benzoate in the ear vein of rabbits, we confirmed Loevenhart’s 
findings in regard to the respiratory center; that is, it produced 
an apnea. Sodium iodoxybenzoate given at such a rate as to 
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maintain a depressed state of the respiratory center produced a 
slight hyperglycemia with a rise of the alkaline reserve capacity 
(Table IIT). 

Since iodoxybenzoate caused a rise in the alkaline reserve 
capacity, it was necessary to determine whether the rise could 


TABLE III. 
Effect of Sodium lodoxybenzoate on Alkaline Reserve and Blood Sugar. 


Alka- | | 
| Time. reserve | | Remarks, 
; Capac- | perce. rise. 
| | ity. | | | 
| ce. mad. mg. 
1299 | 10.30 a.m. | 0.69 | 1.68 | 
| 10.49 “ | Injected wN,60 Na iodoxybenzo- 
ate. Time 47 min. 
1.40 * 0.75 | 2.04 | 0.36 
12.05 p.m. | 0.65 
0.67 | 1.68 
Injected Na iodoxybenzo- 


ate. Time 30 min. 
Be 0.69 | 1.92 | 0.24 


130 | 4.00 “ | 0.75 | 1.34 
4.30 “ Injected 8 ec. nN, 90 Na iodoxy- 


benzoate. Time 30 min. 


131 | 11.30 a.m. | 0.73 | 1.32 
nae Injected 5.5 ec. N/90 Na iodoxy- 
benzoate. ‘Time 30 min. 


162 
- Injected 8 ce. N/90 Na iodoxy- 
benzoate. ‘Time 30 min. 


Tiles 0.78 | 1.67 | 0.35 


not be accounted for by retention of carbon dioxide due to de- 
pression of the respiratory center. We therefore injected sodium 
iodoxybenzoate into the ear veins of artificially respirated, ure- 
thanized rabbits and found that the reserve did not increase. 
Hence, we conclude that iodoxybenzoate produces a rise in re- 


} 
| | | | | | 
| | | | | 
| 5.14 “ | 0.83 | 1.78 0.44 
| | | | 
| 12.12 p.m. | 0.86 | 1.70 | 0.38 | 
| 12.32 “ | 0.83 | 1.62 | 0.30 | 
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serve capacity by depression of the respiratory center causing a 
retention of carbon dioxide in the bleod (Table IV). 

Table IV also shows the effect on the alkaline reserve capacity 
of subcutaneous injection of epinephrine in artificially respirated 
animals. Epinephrine produced a fall of reserve. This indi- 
eates that the fall of reserve cannot be due to respiratory stimu- 
lation, and confirms previous work in this laboratory (5). 

For completeness, we tried iodoxybenzoate in double splanch- 
notomized and left adrenalectomized-right splanchnotomized 
animals and found that it no longer produced hyperglycemia but 
did produce a rise in the alkaline reserve capacity. The glyco- 
genolytic action of iodoxybenzoate in normal animals then 
is central, probably by stimulation of the central glycotaxic 
mechanism. However, if an overdose of iodoxybenzoate is 
given, sO as to maintain apnea, an increase in the blood sugar 
concentration and a fall in the alkaline reserve capacity is ob- 
tained (see Table V). This ean be explained on the basis of the 
apnea resulting in a lack of oxygen. On the other hand in eases 
of small doses of iodoxybenzoate the depression of the respiratory 
center was sufficient to produce some accumulation of carbon 
dioxide without at the same time producing actual oxygen want. 

To determine whether the antagonism seen between iodoxy- 
benzoate and cyanide on the respiratory center could also be 
seen in regard to eyanide hyperglycemia and reserve fall, we in- 
jected into an ear vein of a rabbit a single solution containing 
eyanide and iodoxybenzoate, which, tested clectrometrically, 
gave no evidence of chemical interaction. By trial a mixture 
was obtained which because of the predominance of iodoxyben- 
zoate, more than neutralized the effect of cyanide so that the 
respiration was depressed. We found that evanide still produced 
the large fallin reserve capacity, the sugar change, and typical 
evanide convulsions even when the effect of cyanide on the 
respiratory center was entirely overbalaneced by the depression 
produced by iodoxybenzoate (see Table VI). 

Hence iodoxybenzoate is not a good antidote to the effects 
observed with cyanide, other than control of the respiratory 
center and possibly other medullary centers. Grove and Loeven- 
hart consider that iodoxybenzoate causes depression of the respira- 
tory center by increasing intracellular oxidation. Our evidence 
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TABLE IV. 
Effect of Sodium Todoxrybenzoate and Epinephrine on Alkaline Reserve 
Capacity of Whole Blood in Artificially Respirated Rabbits. 


Alka- 
line 
Animal Time. reserve Remarks, 
ecapac- 
ity. 
CC. 
135 | 10.19 a.m. 1 gm. urethane per kilo. 
10.45 “ Started artificial respiration with tracheotomy. 


2.45 “ Injected 5 ec. N 30 Na iodoxybenzoate into ear 
vein. Time 20 min. 


136 9.30 a.m. 1 gm. urethane per kilo. 
10.20 “ Started artificial respiration. 


Injected 5 ec. x, 90 Na iodoxybenzoate. Time 
oo min. 
2.39 p.m. | 0.62 
12.45 “ Injected 5 ce. x 90 Na iodoxybenzoate. Time 
30 min. 
0.60 
Injected 0.5 ec. adrenalin subcutaneously. 
2.30 “ 0.55 
137 3.00 “ 1 gm. urethane per kilo. 
4.00 “ Started artificial respiration. 
4.15 “ 0.66 
4.30 “ 0.65 
5.00 “ 0.63 
Injected 5 ec. x 90 iodoxybenzoate. Time 
35 min. 
5.45 “ 0.63 
6.00 <“ Injected 5 ce. n,90 iodoxybenzoate. Time 
30 min. 
6.34 “ 0.61 
189 | 10.35 a.m. 1 gm. urethane per kilo. 


Started artificial respiration. 


12.45 * Injected 0.5 cc. adrenalin subcutaneously. 
12.50 “ Injected n,90 iodoxybenzoate. Time 35 min. 
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| 10.50 “ | 0.69 | 
11.15 | 0.65 | 
12.00 m. | 0.56 | 
| 12.30 p.m. | 0.58 | 
| 1.06 | 0.57 | 
10.50 “ | 0.65 | 
11.10“ | 0.66 | 
11.30 “ | 0.62 | 
| 
| 12.00 m. | 0.61 | 
| 12.15 p.m. | 0.62 | 
| 12.30 “* | 0.61 | 
| 1.30 “ | 0.54 | 
| 
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is not directly confirmatory to this view, although it may not 
be antagonistic since there is a possibility of a difference of general 
visceral susceptibility in response to iodoxybenzoate compared 


TABLE V. 


Effect of Sodium Iodoxrybenzoate on Alkaline Reserve and Blood Sugar Con- 
centration of Double Splanchnotomized Rabbits. 


——_-— 


Blood | Blood | 
Time. reserve! sugar | sugar Remarks. 
capac-| perec. | rise. 
ity. 
cc. | md. 
163. 10.00 a.m. | 0.76 1.59 
| 10.35 | | Injected n/90 Na_ iodoxyben- 
| zoate. Time 36 min. Res- 
piration was depressed; but 
| there was at no time apnea. 
(11.15 “ | 0.81 | 1.63 | 0.04 
161 | 10.19 “ | 0.76 | 1.32 
110.40 “ Injected 20 ec. n/90 Na iodoxy- 
| | benzoate. Time 30 min. 
| Complete cessation of respira- 
tion several times during 
| | | period of injection. 
| 0.46 | 2.03 | 0.71 
| 
137 | 8.00 1.17 | 
| oa * | | Injected 18 ce. n/90 Na iodoxy- 
| | benzoate. Time 40 min. 
| | Complete cessation of respira- 
tion several times during 
| period of injection. 
| 1 * 1.71 | 0.54 
156 4.00 p.m. 1.29 
| ‘a > | Injected as in Animal 157. 
aa 1.90 | 0.61 
to the medullary center responses as shown by Loevenhart and 
Evster (14) to be true in the case of the heart. 


The question of ether hyperglycemia has been extensively 
studied with the investigators being unable to reach an agreement 
in opinion. Keeton and Ross (15) claim that ether hypergly- 
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eemia is abolished after double splanchnotomy in dogs; while 
Stewart and Rogoff (16) claim that it is obtained after right 
adrenalectomy and left splanchnotomy in cats, and after double 
adrenalectomy in rabbits. Fujii (17) found hyperglycemia in 
rabbits after double splanchnotomy, but less than in the normal 
controls. We used ether anesthesia in double splanchnotomized 
and left adrenalectomized-right splanchnotomized rabbits by 
TABLY VI. 
Effect of Injection of Sodium Cyanide and Sodium Iodoxybenzoate on Alkaline 
Reserve Capacity and Blood Sugar. 


| Alka- | 

| | Blood | Blood 

Time. sugar | sugar Remarks. 

| capac | per ce, rise, 
| ity. 
| ce. | mi). | mi}. 

140 | 8.30 a.m. 0.75 | 1.41 | | 

6 Injected mixture of NaCN and 


Na iodoxybenzoate into ear 
| vein. Time 36 min. Kept 
| respiration at normal rate. 


9.45 “~ | 0.32 | 2.36 | 0.95 | 


141 | 1.00 p.m. 0.70 | 1.40. 


Injected solution as in No. 140. 


2.29 | 0.89 


142 | 3.05 “| | 0.71 | 1.35 | 

| Injected mixture of cyanide and 
| | | iodoxybenzoate with predomi- 
| | | nance of iodoxybenzoate effect 
| | on the respiratory center. 
| | Some cyanide convulsions were 
| | observed. 

4.10 “ | 0.30 | 1.95 0.60 


the ordinary towel method of administration of ether to determine 
whether the ether action is central or peripheral. The advantage 
in cutting the splanchnics on one side and extirpating the adrenal 
on the other as pointed out by Stewart and Rogoff is that the 
innervation of the liver is not seriously interfered with as in 
double splanchnotomy, and at the same time the effect of adrenal 
intermediation is eliminated, since the remaining gland is de- 
nervated. The evidence obtained indicates that ether is gly- 
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eogenolytie in such animals essentially like unoperated animals, 
and hence that the action is peripheral, confirming Stewart and 
Rogoff. See Tables VII and VIII. 

Since with the use of the towel method, there is the possibility 
of asphyxia due to lack of oxygen supply to the lungs, we intro- 
duced a catheter into the trachea and then gave ether by con- 
tinuous insufflation. The results were essentially the same in 
operated and unoperated animals. See Tables IX and X. 

This shows that ether hyperglycemia is not essentially central, 
but is predominantly a peripheral action. The same operated 
animals did not respond to quinine nor to picrotoxin but did to 
epinephrine. The failure to respond to quinine and picrotoxin 
shows that the operations were successful for the elimination of 
central stimulation of the glycotaxie center, since quinine (18) 
and picrotoxin (19) produce hyperglycemia by central stimulation. 
The normal response to epinephrine shows that the liver is not 
deficient in glycogen. 

Acidosis has commonly been considered the cause of ether 
hyperglycemia. Therefore we suppose that if this is true, a 
preexisting acidosis should cause the ether glvcogenolysis to be 
much more marked, because here we have depletion of the alka- 
line reserve materials within the cells to start with since the 
reserve of the cell would be drawn on in eases of diminished 
capillary blood reserve and hence there would be far less resistance 
to the production of acidosis by ether. We find no significant 
synergism, but summation or slightly higher sugar changes than 
in normal controls (see Table XI). Loevenhart (20) considers 
that acids depress intracellular oxidation and that alkalies increase 
intracellular oxidation. The slightly higher sugar changes than in 
controls without acids might be considered to be due to the de- 
creased intracellular oxidation produced by acids plus that of 
ether. 

Ether itself produces both a fall in alkaline reserve capacity 
and a rise in blood sugar. We found it impossible to obtain a 
comparable sugar increase by acid administration even though 
the reserve capacity was brought down to a far lower value than 
it falls with ether (see Table XI). It may be argued that the 
alkaline reserve capacity does not represent a true picture of 
what is going on in the liver, and that ether acidosis is primarily 
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TABLE VII. 


Effect of Ether Anesthesia on Blood Sugar Concentration of Normal Rabbits. 
Ether Administered by the Ordinary Towel Method. 


Animal | Blood sugar per cc. Blood Remarks. | 
| sugar In each experiment the animals were 
| Before. After. rise, anesthetized for 1 hr. 
mi). md. mo. 
1 1.66 2.00 0.54 
2 1.50 1.85 0.59 
+ 1.70 1.92 0.22 
5) 0.90 1.55 0.65 
6 1.21 1.48 0.27 
9 1.30 1.60 0.30 
27 1.40 3.36 1.96 | Deep etherization. 
29 1.53 3.15 1.82 

30 1.26 2.30 1.04 
dl 1.33 1.56 0.23 


TABLE VIII. 


Effect of Ether Anesthesia on Blood Sugar Concentration of Double Splanch- 
Ether Administered on Towel. 


notomized Rabbits. 


parent Blood sugar per ce. Blood _ Remarks. 
No. sugar Anesthesia maintained for 1 hr. 
Rien After. rise. Light etherization. 
mg. mg. my. 
10 1.32 1.68 0.36 
11 1.44 1.95 0.51 
12 1.23 1.69 0.46 
13 1.23 2.00 0.77 
14 1.63 1.90 0.27 
16 1.2 1.48 0.27 
17 1.27 1.68 0.41 


Effect of ether on blood sugar of rabbits with left adrenalectomy and 
right splanchnotomy. 


Woe bh 
~j] ¥ 
& 


ee | | | 
Is | | | | 
i9 | | | | 
20 | | 
21 | | 
2 | | | | 


TABLE IN. 
Effect of Ether Anesthesia by Continuous Insufflation on Blood Sugar and 
Alkaline Reserve Capacity of Whole Blood. Normal Rabbits. 
Alka- 
‘ line | Blood | Blood 
Time. reserve | sugar | sugar Remarks. 
eapac- | perce. | rise. 
ity. 
ce. my. mq. 
48 1.37 
1 hr. ether. 1.78 0.41 
52 1.42 
1 hr. ether. 3.57 | 2.15 | Deep etherization. 
53 1.48 
1 hr. ether. 3.40 | 1.92 | Deep etherization. 
1.37 
1 hr. ether. 3.16 | 1.79 | Deep etherization. 
56 1.20 
1 hr. ether. 1.95 | 0.75 
57 1.41 
1 hr. ether. 1.69 | 0.28 


104 9.30 am. | 0.75 | 1.51 


10.05 “ Started ether insufflation. 
2 * 0.75 | 1.71 | 0.40 
12.00 m. 0.74 | 1.91 | 0.60 
12.55 p.m. | 0.66 | 2.39 | 1.08 


105 9.30 a.m. | 0.76 | 1.14 
10.15 “ Started ether insufHation. 


106 9.00 “ 0.76 | 1.05 


Started ether insufflation. 
10.35 “ 0.71 | 1.80 | 0.75 
11.40 “ 0.72 | 1.80 | 0.75 
12.35 p.m. | 0.70 | 1.99 | 0.94 
108 | 11.50 a.m. | 0.74 | 1.15 
12.25 p.m. Started ether insufflation. 
1.40 “* 0.74 | 2.38 | 1.23 
2.3 “ 0.74 | 2.50 | 1.35 
113 9.15 a.m. | 0.68 | 1.46 
9.45 “ Started ether insufflation. 
10.50 * 0.61 | 3.16 | 1.70 


| 
| 
| | | | 
| | | | | 
11.00 “| 0.58 | 3.13 | 1.99 | 
(11.50 “ | 0.56 | 3.13 | 1.99 | 
| | | | | : 

| 
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TABLE X. 

Effect of Ether Anesthesia by Continuous Insuffation on Blood Sugar Con- 
centration of Double Splanchnotomized and Left Adrenalectomized— 

Right Splanchnotomized Rabbits. 


Animal. 


| Blood | Blood | 


Time. | sugar | sugar | Remarks. 
No. we | | emar 
| md. nid. 
54. a.m. | 1.48 | 
8.20 Started ether insufflation. 
| 9.20 “ | 2.66 | 1.18 | 
| 
58 | 1.00 p.m. | 1.27 
| Started ether insufHlation. 
| a 1.52 | 0.25 
| £25 * Started ether insufflation. 
1.74 | 0.52 
Started ether insufHation. 
3.06 « 2.13 | 0.92 
2 3 i 
2.44 | 1.23 
4 4.30 “ | 1.35 
| 4.490 « | | Started ether insufflation. 
| Stopped “ 
| 1.95 | 0.60) 
| | 
65 | 9.10 a.m. | 1.24 | 
oe | | Started ether insufHation. 
ois | 1.56 | 0.22 | 
10.52 “ | 1.82 | 0.58 | 
| | | | 
| 
68 | 2.25 p.m. | 1.24 | | 
| | Started ether insufflation. Very light. 
2.15 “ | 2.471 0.28 | 
7 lies | | Ether turned off. Gave air insufflation. 


hepatic; but the acidosis produced by giving of acid by stomach 
affects the portal system first also. 


If the glvcogenolytie action of ether is due to 


acidosis, 


alkali administration should diminish the effect of ether as a 
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elycogenolytic agent. Our results show a suggestive but not 
very convincing evidence of diminished effect under alkali (see 
Table XII). The slight diminution of ether effect sometimes 


TABLE XI. 


Effect of 1 Per Cent HCl on Ether Hyperglycemia and Alkaline Reserve 
Status. Acid Administered by Stomach Tube in the Rabbit. 


| Reserve! Sugar 
Time | Reserve} Reserve Sugar | rise by 
Animal for | before | before | ,4!teT rise by | acid Remarks. 
we | acid. acid. | ether. oe acid. plus 
ether. 
a. Light ether. 
min, ee. | ee. | ec. 
70 65 
ST 40 120 0.11 | 0.38 
G4 61 120 | 0.75 | 0.65 | 0.56 0 O.S7 
QS 60 150 | 0.76 | 0.50 | 0.57 0 0.51 
GQ 63 100 0.54 | 0.50 0.47 
102 70 195 | 0.74 | 0.58 | 0.55 0 0.57 
112 90 240 0.70 | 0.47 | 0.44 0 0.91 
11S 125 160 0.39 0.57 | 0.89) 1.48 
119 120 120 | 0.67 | 0.38 | 0.388 0 0.75 
120 160 199 | 0.66 | 0.388 | 0.31 | 0.59 | 1.55 
126; 155 | 90 0.44 0.38 0.38 
126 | 0.50 0.72 | Next day without 
| | | | ! _ acid. 
b. Deeper etherization. 
114} 135] 150] 0.37 | 0.35 | 0.05 | 1.39 
110 110 | 210 0.43 0.39 0.22) 1.90 
103 GO ISO. 0.58 | 0.58 0 2.81 
Q7 a7 150 O.SL | 0.56 0.55 0 1.40 
93 | 63 110) 0.74 | 0.68 | 0.65 0.10 1.63 


100-59 | 150 | 0.78 | 0.54 0 | 1.60 


| 
Continued ether in No. 103 for 3 hrs., with no further fall in alkaline re- 
serve, but with sugar rise of 3.96 over normal. 


Where large amounts of acid were given, it was diluted with water and 
given in three doses at various intervals. 


seen under alkali ma¥ be regarded as being due to alkalies tend- 
ing to increase intracellular oxidations. The work with acids 
and alkalies thus indicates that acidosis is not the cause of ether 
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hyperglycemia, but that decreased intracellular oxidation may 
Thus acidosis and increased glycogenolysis may be 
parallel phenomena, and to a certain extent, manifestations of 


be a factor. 


suboxidation. 


Effect of Alicali on Ether Hyperglycemia and Alkaline Reserve Status. 
Bicarbonate Administered by Stomach Tube in the Rabbit. 


TABLE XII. 


Sodium 


Reserve Sugar 
Sodium| Time /|Reserve Reserve} rise 
x ‘ bicar- for | before | before ‘yoy after Remarks. 
oom bonate.| alkali. | alkali. | ether. ether 1 hr. of 
| ether. 
gm. min. cc ce, ce 4 
116 | 2.75 235 | 0.57 | 0.74 | 0.70 0.43 Very light ether. 
12.4 260 | 0.75 | O.86 | 0.77 | 0.65 
121 | 3.00 195 | 0.75 | 0.85 | 0.79 | 0.67 
123 4.00 230 O.S1 | 0.90 | 0.86 0.68 | 


Sugar Concentration tn the Rabbit. 


TABLE NIII. 
Effect of Epinephrine on Alkaline Reserve Capacity of Whole Blood and Blood 


Control Series. 


Blood sugar per cc. 0.5 ee. injected 
No. ‘to. in every experiment, 
Before. | After 1 hr. Before. | After. Readings after 1 hr. 
my. my. mg. per ce, ce. | ce. | 
25 1.33 ‘2.94 1.61 
33 1.41 3.33 1.92 
50 1.43 3.10 1.67 
51 1.62 3.39 1.77 
133 1.40 3.16 1.76 
10* 0.98 2.51 1.53 0.72 0.50 
i 0.94 2.51 1.57 0.62 0.59 
12* 1.19 2.83 1.64 0.66 0.50 
13* 0.84 1.74 0.90 0.60 0.56 
14* 0.94 2.83 1.89 0.60 0.56 
15* 0.94 2.51 1.57 0.63 0.60 
16* 0.98 2.06 1.08 0.63 0.60 


* Reprinted from previous work (5). 


In the work on epinephrine (5), it has been shown that the 
glycogenolysis produced could not be explained on the basis of 


hepatic asphyxia or acidosis. 


If epinephrine and ether both 


produced glycogenolysis by acidosis we should expect that the 
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acidosis produced by the one would enable the acidosis produced 
by the other to show greater effect on glycogenolysis, since the 
threshold for increased glycogenolytic activity would have already 
been reached. Therefore, epinephrine and ether simultaneously 
should show a synergistic effect on the glycogenolysis produced, 
if they act by a common mechanism. On giving epinephrine 
and ether simultaneously, we found no demonstrable synergism 
but summation of glycogenolytic effects (see Tables XIII and 


TABLE NIV. 
Effect of Simultaneous Administration of Ether and Epinephrine on the 
Blood Sugar Concentration in the Rabbit. 


dail | Blood sugar per ec. Blood Remarks. 
‘ —" sugar 0.5 ce. adrenalin injected subcutaneously 
| Befose. | After 2 he. rise. at start of ether anesthesia. 
| mq. mq. may. per ce. 
23 | 1.60 | 5.00 | 3.40 
24 1.54 4.21 2.67 
24 1.47 3.28 1.81 
32 1.49 2.96 1.47 
ot 1.29 3.30 2.19 
30 1.36 2.87 1.51 
36 1.60 5.55 3.95 | Very deep etherization. 
3S 1.33 3.92 2.59 
39 1.38 3.33 1.95 
40 1.29 4.27 2.98 
41 1.55 2.56 1.01 
42 1.38 3.44 2.06 
43 1.45 3.08 1.63 
44 1.60 3.40 1.80 
45 1.37 2.58 3.23 
46 1.21 2.82 1.61 
47 1.48 3.80 2.42 


XIV). This indicates that the ether and epinephrine each pro- 
duced their respective hyperglycemias by independent actions. 

With the idea of possibly throwing more light on the mechanism 
of epinephrine hyperglycemia, we tried iodoxybenzoate injection 
during the period of epinephrine action and found that the alka- 
line reserve capacity of the blood may be kept up or even elevated, 
but the glycogenolysis produced by epinephrine was unchanged 
(see Table XV). 
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TABLE XV. 


Effect of Sodium Todoxybenzoate on Epinephrine Hyperglycemia and Alkaline 


deserve Status in the Rabbit. 
Alka- 
line Blood Blood 
Time. reserve suger | sugar Remarks, 
| Capare- per ce, rise, 
pt 
IZ8 {| 10.20 a.m. | 0.70 ; 1.13 | 
| Injected 0.5 ec. adrenalin subeu- 
| | | taneously. 
ae | | Injected 10 ee. N 30 Na iodoxy- 


benzoate into ear vein. Time 

| | | 46 min. 
| 0.68 3.10 1.97 Respiration not completely con- 

| | | | trolled. 


132 | 3.30 p.m. | 0.70 | 1.49 | 

| _Injeeted 0.5 ec. adrenalin. 

Injected 90 iodoxybenzoate. 
| Time 44 min. Intermittent 

| ! | apnea and hyperpnea. 

4:45 “ | ©.65 | 2.85 | 1.96 


134 | 4.10 “ | 0.72 | 1.41 


| | Injected 0.5 ee. adrenalin. I[n- 
| | ! jected 10 ce. x90 iodoxyben- 
| zoate. 

5.04 “ 10.78 | 2.72 | 1.31 | 


5.44 “ | 0.64 | 3.41 | 2.00 | 


GENERAL INTERPRETATION, 


A summary comparison of the actions of ether, epinephrine, 
earbon monoxide, and cyanides on the blood sugar concentration 
and alkaline reserve capacity seems to be profitable. We have 
demonstrated that evanide and carbon monoxide (in other words 
asphyxia) produce a much greater fall in reserve and much less 
sugar rise than epinephrine or ether. Since the fall in reserve 
is presumably caused by diminished oxidation, the hyperglycemia 
of ether, epinephrine, carbon monoxide, and cyanide cannot in 
each case be caused by diminished intracellular oxidation, if this 
is adequately measured by the alkaline reserve capacity. The 
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fall in reserve should be a measure of the same diminution of 
oxidation and this same diminution of oxidation should lead to a 
relatively definite glycogenolvsis, providing the circulatory and 
respiratory factors are not sufficiently altered as to vitiate our 
interpretation. 

If this reasoning is logical, it then follows that the hypergly- 
ecemia produced by ether, cannot all be accounted for on the basis 
of asphyxia or acidosis. In regard to epinephrine there is 
absolutely no available evidence of any contributary action of 
asphyxia in hyperglycemia production by this drug. 


BIBLIOGRAPHY. 


1. Stewart, G.N., Manual of physiology, New York, Sth edition, 1918, 548, 
2. Sansum, W. M., and Woodyvatt, R. T., J. Biol. Chem., 1915, xxi, 1. 
3. Ross, E. L., and MeGuigan, H., J. Biol. Chem., 1915, xxii, 407. 
4. Ritzmann, H., Arch. exp. Path. u. Pharmatol., 1909, Ixi, 231. 
5. Tatum, A. L., J. Pharmacol. and Exp. Therap., 1921, xvii, 395. 
6. Benedict, S. R., J. Biol. Chem., 19S, xxxiv, 203. 
7. Tatum, A. L., J. Biol. Chem., 1920, xli, 59. 
8. Geppert, J.. Z. klin. Med., 1889, xv, 208. 
9, Hyman, L. H., Am. J. Physiol., 1916, xl, 238. 
10. Schoenbein, C. F., Z. Biol., 1867, ii, 140. 
11. Zillessen, H., Z. physiol. Chem., S91, xv, 387. 
12. Boehm, R., Arch. exp. Path. u. Pharmakol., W874, i, 129. 
13. Grove, W. E., and Loevenhart, A.S., J. Pharmacol. and Exp. Therap., 
1911-12, ili, 101. 
14. Loevenhart, A.S.,’and Evster, J. A. 1., J. Pharmacol. and Exp. Therap., 
1913-14, v, 21. 
15. Keeton, R. W., and Ross, E. L., Am. J. Phystol., 1919, xlvii, 146. 
16. Stewart, G. N., and Rogoff, J. M., Am. J. Physiol., 1917, xliv, 543; 1918, 
xlvi, 90. 
17. Fuju, 1., Tohoku J. Exp. Med., 1921, 11, 170. 
18. Tatum, A. L., and Cutting, R. A., J. Pharmacol. and Exp. Therap., 
1922, in press. 
19. Tatum, A. L., J. Pharmacol. and Exp. Therap., 1922, in press. 
20. Loevenhart, A.S., Arch. ges. Physiol., 1913, el, 379. 


+ 
* 
¥ 
é 
rs 
‘ 
¢ 
> 
4 
aaa 


a 


ON OXIDATION OF TERTIARY HYDROCARBONS. 


By P. A. LEVENE anp F. A. TAYLOR. 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 


(Received for publication, June 2, 1922.) 


Hydrocarbons with a tertiary carbon atom have attracted little 
attention. Few have been prepared synthetically and of those 
occurring in nature only a few have been investigated from the 
view-point of their structures. The lack of interest in this group 
of substances may be due to the belief in their inertness. How- 
ever, there is accumulating evidence to show that the lack of re- 
activity of the aliphatie hydrocarbons is not as great as accepted in 
the past, particularly in the case of the hydrocarbons with a 
tertiary carbon atom. The fact that 3-methyl-pentane is capable 
of decolorizing a solution of potassium permanganate has been 
known since 1901.'— The products of oxidation of this substance 
were not analyzed. 

A considerable number of naturally occurring substances, among 
which are the higher fatty acids, are derivatives of tertiary hy- 
drocarbons. The knowledge of their structures depends on that 
of the structures of the hydrocarbons. 

The present work was undertaken in 1918 in cooperation with 
L. H. Cretcher. The work was interrupted due to the conditions 
of war and at that time a short publication on the subject was pub- 
lished in this Journal.?- Subsequently, the work was continued by 
the present writers. 

Recently, the subject of oxidation of saturated hydrocarbons 
attracted considerable attention. However, on the special prob- 
lem of oxidation of tertiary hydrocarbons no additional work has 
been reported. 


' Zelinsky, N., and Zelikow, J., Ber. chem. Ges., 1901, xxxiv, 2865. 
* Levene, P. A., and Cretcher, L. H., Jr., J. Biol. Chem., 1918, xxxiii, 505. 
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The present communication contains a report on the synthesis 
of five tertiary hydrocarbons. Their properties are tabulated 
below. The method of preparation was the same as employed 
in the previous work; namely, through the malonie ester synthesis 
by the following series of reactions: 


COOR COOH R, Ri 


COOR COOH R; R: 
R, R, 
CHCH.OH —> CHCH.I—  CHCH, 
R R: 


This tedious method of preparation was adopted because 
paraffins are freed from impurities with great difficulty and there- 
fore can be obtained in a sufficient degree of purity best by a set 
of reactions each simple in its nature and when each intermediary 
substance can be isolated and purified. 

Turning to the oxidation by means of permanganate solution 
it was found that for 5-methyl-nonane the conditions employed 
by Levene and Cretcher were the most favorable. The higher 
tertiary hydrocarbons, however, were not odixized under identical 
conditions. The failure may be due to the lowering in solubility 
of the hydrocarbons with increase of their molecular weights. The 
conditions for the oxidation of substances with higher molecular 
weights will have to be worked out. 

Among the acids formed on oxidation of 5-methyl-nonane, 
two were identified; namely, acetic and butyric acids. The 
presence of some formic acid was detected. On the basis of this, 
the oxidation seems to progress in the main as follows: 


CI; CH, 
CH,(CH,); CH — (CH,); CH; CH;(CH.)s; CO + CH;(CH,), COOH 
CH,;(CH.); CO — CH; — CH;(CH,)., COOH + CH; COOH 

General conclusions as to the progress of oxidation of tertiary 


hyvdroearbons will be reached only after the observations have 
been extended to a greater number of these substances. 


\ 
C — C  CH-COOH CH — COOR 
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Hydrocarbons, 
Boiling point. | 
My 
No. Hydrocarbon. Temperature. | | No 
Calen- | 
lated. Found. 
| | | mm. | | | 
1 | 3-Methyl-heptane. 120-122 | 79) 0.7069,1.3980 39.14, 38.92 
2 3-Methyl-nonane. 165.5-166.5 751 0.7354.1.4126 48.35) 48.12 
5-Methyl-nonane. 164-166 755 0.7319 1.4116 48.58) 48.24 
4 | 5-Propyl-nonane. 204-205 763 0.7559 1.4228 57.62) 57.25 
5-Methyl-dodeeane. 225.5-227 | 758 0.7576 1.4244 62.23 62.02 


EXPERIMENTAL, 


All melting and boiling point temperatures recorded in the fol- 
lowing experiments were determined with standardized Anschiitz 
thermometers. 

Diethyl Ethyl-Malonate—Ethyl iodide was condensed with 
malonie ester in the presence of sodium ethylate as deseribed by 
Conrad.’ The vield of substituted ester was 83 per cent of the 
theoretical. It boiled at 206—208°C. 

Diethyl Butyl-Ethyl-Malonate—This ester was prepared by 
the condensation of butyl iodide and diethyl ethyl-malonate. 
Sodium (12.2 gm.) was dissolved in absolute alcohol (150 ee.) 
and the diethyl ethyl-malonate added. Butyl 1odide (112 gm.) 
was then cautiously introdueed and the solution boiled on the 
water bath over night. After the solution had become neutral, 
most of the alcohol was removed by distillation. The residue was 
taken up in ether, filtered to remove the sodium iodide, and dis- 
tilled. The ester boiled at 128-129°C. at 7 mm. The yield 
was 62 per cent of the theoretical. Although prepared earlier 
by Raper? the ester had not been characterized. 


= 0.9646 Ni = 1.4284 

0.0990 gm. substance: 0.2312 gm. CO. and 0.0874 gm. H.O. 
Calculated. C 63.93, TH 9.84, 65.54. 
Found. “ 2.68, “ 9386, “ 66.13. 


Conrad, M., A nn. Chem., ISSO, 134. 
* Raper, H.S., J. Chem. Soc., 1907, xei, 1837. - 
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Butyl-Ethyl-Malonic Acid.—For the preparation of the acid, 
the above ester was not isolated but was saponified by heating 
the solution in which it was formed with a large excess of sodium 
hydroxide. After erystallization from high boiling gasoline, the 
acid melted at 115°C. 


0.1020 gm. substance: 0.2168 gm. and 0.0798 gm. 
CoH Os. Calculated. C 57.44, H 8.51. 
Found. “ 57.36, 8.74. 


2-Ethyl-Hexylic Acid.—Butyl-ethyl-malonie acid was heated 
at 180°C. as long as carbon dioxide was evolved and the residue 
distilled. It boiled at 228-229°C. at 755 mm. Raper? found a 
boiling point of 225°C 

0.1020 gm. substance: 0.2500 gm. CO: and 0.1028 gm. H.O. 


C.H,,O2. Caleulated. C 66.66, H 11.11. 
Found, “ 66.83, “ 11.28. 


Ethyl 2-Ethyl-Hexylate-—The acid was esterified in the usual 
manner with absolute aleohol and sulfurie acid. The yield was 
91 per cent of the theoretical. The ester boiled at 189-191°C. 
at 766 mm. 

= 0.8628 = 1.4128 

0.1006 gm. substance: 0.2566 gm. CO, and 0.1040 gm. H20. 

Calculated. C 69.76, H 11.62, 50.03. 
Found. 69.56, “ 11.56, “ 49.69. 


2-Ethyl-Hexanol.—Ethy] 2-ethyl-hexylate was reduced by means 
of sodium and absolute aleohol. The method has been deseribed 
by Levene and Cretcher.2. The yield of alcohol was 78 per cent 
of the theoretical and in addition to this 10 per cent of the ester 
was recovered as 2-ethyl-hexylie acid. The alcohol boiled at 181- 


183°C. at 743 mm. 
= 0.8328 = 1.4328 


0.1016 gm. substance: 0.2752 gm. CO. and 0.1070 gm. H20O. 
C3H,;0. Caleulated. C 73.85, H 13.85, 40.67. 
Found. “ 73.86, “ 13.77, “ 40.55. 


2-Ethyl-Hexyl Iodide-—This iodide was prepared by heating 
the aleohol (50 gm.) with 1.1 equivalents of iodine and an excess 
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of red phosphorus at 180°C. for 1 hour. The product was washed, 
dried, and distilled. The yield was 80 per cent of the theoretical. 
The iodide boiled at 89-90°C, at 11 mm. 


= 1.3365 


0.2234 gm. substance: 0.2170 gm. Ag I (Carius). 
CsH,-7I. Caleulated. I 52.92. 
Found, “ 52.48. 


3-Methyl-Heptane—The iodide was reduced in glacial acetic 
acid with zine dust. The solution was saturated with hydrogen 
chloride and heated on the water bath for 3 days with frequent 
introduction of small portions of zine. The hydrocarbon was 
then distilled in a current of steam, collected in ether, and dis- 
tilled with a fractionating column. It boiled at 120—-122°C. 
at 755 mm. Clarke® found 117.6°C. The vield was 84 per cent 
of the theoretical. 


0.7069 = 1.3980 

0.0965 gm. substanee: 0.2994 em. COs and 0.1356 gm. H.O. 
Caleulated. C 84.21, 15.79, 39.14. 
Found. “ 3450, “ 16.72, 22. 


Dicthyl iodide 
was condensed with malonie ester (1.25 equivalents) in the usual 
xanner. The yield was 80 per cent of the theoretical. The ester 
boiled at 157-158°C. at 10 mm. 


= 0.9496 Ny = 1.4324 
0.1016 gm. substance: 0.2472 gm. COs and 0.0928 gm. H.0. 
Caleulated. C 66.18, H 10.29, M> 74.78. 


1-Methyl-Heptyl-Malonic Acid —The ester was saponified with 
a large excess of sodium hydroxide. The acid was liberated from 
the sodium salt with dilute hydroechlorie acid. Since it could not 
be made to erystallize, it was collected in ether, dried, and the ether 
removed by distillation. The residue was converted into the 
corresponding substituted acetie acid. 


‘Clarke, L., J. Am. Chem. Soc., 1911, xxxiii, 521. 
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3-Methyl-Nonylic Acid. —Crude 1-methyl-heptvl-malonie acid 
was heated at 180°C. as long as earbon dioxide was evolved. The 
residue was then distilled. It boiled at 147-148°C. at 12 mm. 


= 0.9012 Ny, = 1.4342 
0.0998 gm. substance: 0.2546 gm. COs and 0.1036 gm. H.O. 
CioH»O2. Caleulated. C 69.77, H 11.63, M®* 49.92, 


Ethyl 3-Methyl-Nonylate—The acid was esterified in the usual 
manner with aleohol and sulfurie aeid. It boiled at 115°C. at 
13 min. 

= 0.8653 Ny = 1.4240. 

0.0982 gm. substanee: 0.2598 gm. CO. and 0.1080 gm. HO. 

Caleulated. C 72.00, H 12.00, 59.27. 


3-Methyl-Nonanol.— This aleohol was obtained by the reduetion 
with sodium and alcohol of the corresponding ester. The vield 
was over 90 per cent. It boiled at 103—-103.5°C. at 9 mm. 


= 0.8342 = 1.4361 
0.1014 gm. substance: 0.2826 gm. CO, and 0.1296 gm. HO. 
Cy oH2O. Caleulated. C 75.94, H 13.92, 49.91. 


Found, “ 76.00, “ 14.29, “ 49.53. 


3-Methyl-Nonyl TIodide.—3-Methv!-nonanol was heated for 1 
hour at 180°C. with 1.1 equivalents of iodine and an excess of red 
phosphorus. The iodide was then washed, dried, and distilled. 
It boiled at 115°C. at 10 mm. The yield was 90 per cent of the 


theoretical. 
DY = 1.2515 


0.2430 gm. substance: 0.2130 gm. AgI (Carius). 
Caleulated. I 47.39. 
Found. 47.36. 


3-Methyl-Nonane.—This hydrocarbon was prepared in the same 
manner as the 3-methyl-heptane. It distilled at 165-166.5°C. 
at 751 mm. 
D® = 0.7354 Nj = 1.4126 


0.1012 gm. substance: 0.3140 gm. COs and 0.1420 gm. H.O. 
Caleulated. C 84.51, H 15.49, 48.38. 


Found. 84.60, “ 15.70, 48.12. 
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2-Butyl-Hexanol.—2-Butyl-hexanol was prepared exactly as 
described by Levene and Cretcher.2 It boiled at 210-212°C. at 
731mm. 

2-Butyl-Hexyl Iodide —The aleohol was heated at 180°C. for 
1 hour with iodine and red phosphorus, washed, dried, and dis- 
tilled. The iodide boiled at 115-117°C. at 8 mm. Levene and 
Cretcher? found a boiling point of 124-125°C, at 13 mm. 


0.2070 gm. substance: 0.1830 gm. Agl (Carius).. 
CyoHaI. Caleulated. 47.39. 


Found. 


j-Methyl-N onane.—2-Butyl-hexyl iodide reduced with 
zine dust in glacial acetic acid. The process has already been 
deseribed. The hydrocarbon boiled at 164-166°C. at 755 mm. 
The boiling point found by Levene and Cretcher? was 165°C. 
The vield was 80 per cent of the theoretical. 
= 0.7319 = 1.4116 
0.1116 gm. substance: 0.3452 gm. CO», and 0.1574 gm. H20. 
Caleulated. C 84.51, H 15.49, 48.38. 
Found. “ 84.35, “ 15.78, “ 48.24. 


4-Butyl-Octanol—The procedure described by Levene and 
Cretcher? was followed for the conversion of 2-butyl-hexyl iodide 
into 4-butyl-octanol. The alcohol distilled completely at 127- 
130°C. at 8 mm. 

4-Butyl-Octyl Iodide —This iodide was prepared by heating the 
aleohol with iodine and red phosphorus at 180°C. It boiled at 
145-146°C. at 10 mm. Levene and Cretcher? report 143°C. 
at8mm. The yield was 92 per cent of the theoretical. 


0.2096 gm. substance: 0.1663 gm. Agl (Carius). 
I. Caleulated. I 42.91. 
Found. 42.87. 


5-Propyl-Nonane.—4-Butyl-octyl iodide was reduced with zine 
dust in glacial acetic acid. The method has already been described. 
The 5-propyl-nonane boiled at 204-205°C. at 763 mm. The 
yield was 75 per cent of the theoretical. 
= 0.7559 Ni, = 1.4228 
0.1004 gm. substance: 0.3112 gm. CO, and 0.1382 gm. H,0. 
Caleulated. C 84.71, H 15.29, 57.62. 
Found, “ 84.52, “ 15.40, “ 687.25. 
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Diethyl Butyl-Malonate-—This ester was prepared by the con- 
densation of malonie ester and butyl iodide in the usual manner. 
It boiled at 122°C. at 12 mm. Adams and Marvel’ found a boil- 
ing point of 144-145°C. at 40mm. The yield was 75 per cent of 
the theoretical. 


= 0.9745 = 1.4222 


D 
0.0988 gm. substance: 0.2209 gm. CO, and 0.0842 gm. HO. 
Caleulated. C 61.11, H 9.26, M) 56.31. 
Found. ao. 


«Diethyl Butyl-Heptyl-Malonate—In the usual manner, diethyl 
butvl-malonate (1 equivalent) was condensed with hepty! iodide 
(1.1 equivalents). The new ester boiled at 177-178°C. at 12 mm. 
The yield was 90 per cent of the theoretical. 


= 0.9318 = 1.4366 
0.1002 gm. substance: 0.2521 gm. CO, and 0.1014 gm. 
Caleulated. C 68.79, H 10.83, 88.63. 


Butyl-Heptyl-Malonic Acid.—The ester was saponified by heat- 
ing its aleoholi¢ solution over night with a large excess of sodium 
hydroxide. The acid erystallized from dilute acetone in fine 
needles which melted at 117°C. | 


0.1014 gm. substance: 0.2420 gm. CO, and 0.0924 gm. H.20O. 
CygHoeOy. Calculated. C 65.12, 10.08. 
Found. “* 65.08, “ 10.19. 


2-Butyl-Nonylic Acid.—Butyl-heptyl-malonie acid was heated 
at 180°C. as long as carbon dioxide was evolved and the residue 
distilled. 2-butyl-nonylie acid boiled at 179°C. at 13 mm. 


= 0.8860 = 1.4403 
0.0993 gm. substance: 0.2661 gm. CO, and 0.1098 gm. HO. 
CisH2O2. Caleulated. C 72.90, H 12.15, M> 63.77. 
Found. 7048, “ 12237, Gs. 


Ethyl 2-Butyl-N onylate—The acid was esterified by boiling its 
aleohol solution with sulfurie acid. The ester distilled at 115°C. 
at 1 mm. 


Adams, R., and Marvel, C.S., J. Am. Chem. Soc., 1920, xlii, 310. 
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D® = 0.8560 Ni = 1.4290 
0.0980 gm. substance: 0.2674 gm. CO, and 0.1088 gm. HO. 
CisHy002. Calculated. C 74.38, H 12.38, M) 73.12. 
Found. * * 


2- Butyl-Nonanol.—The ester was reduced in the usual manner. 
The vield of aleohol was 72 per cent of the theoretical. Practically 
all the remainder was recovered as 2-butyl-nonylie acid. The 
alcohol boiled at 112-114°C. at 0.5 mm. 


= 0.8359 Ny = 1.4430 


4 
0.1013 gm. substance: 0.2899 gm. CO, and 0.1276 gm. H20. 
CisH»O. Caleulated. C 78.00, H 14.00, 63.76. 


Found. 78.06, 14.09, “ 63.43. 


2-Butyl-Nonyl ITodide.—2-Butyl-nonanol was heated for 1 hour at 
180°C. with iodine and red phosphorus. The product was washed 
with sodium thiosulfate, dried, and distilled. It boiled at 121- 
123°C. at 0.6 mm. 

0.2116 gm. substance: 0.1602 gm. AglI (Carius). 


Caleulated. I 40.97. 
Found. 40.90. 


5-Methyl-Dodecane.—This hydrocarbon was prepared by the 
reduction of the 2-butyl-nonyl iodide with zine dustin glacial acetic 
acid. It boiled at 225.5-227°C. at 758 mm. The vield was 91 
per cent of the theoretical. 


DY = 0.7576 Ny = 1.4244 

0.10S4 gm. substance: 0.3354 CO, and 0.1516 gm. 
CisHes. Calculated. C 84.78, H 15.22, 62.23. 
Found. *“ 84.37, “ 15.64, “ 62.02. 


Oxidation of 5-Methyl-Nonane.—The procedure for the oxida- 
tion of the hydrocarbon was developed from that described by 
Levene and Cretcher.2. The material (5 gm.) was shaken with 
1,500 ce. of a solution containing 22.5 gm. each of potassium 
permanganate and potassium hydroxide at 37°C. The shaking 
was continued for 16 hours. Hydrogen peroxide was then added 
until the excess of permanganate was decomposed and the pre- 
cipitated manganese dioxide filtered off. The volatile fatty acids 
were separated from the filtrate by acidifying and distilling in a 
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current of steam as long as the distillate was aeid to litmus. The 
acids were neutralized with sodium hydroxide and concentrated 
under diminished pressure to a volume of about 15 cee. 

Since a preliminary experiment showed that the mixture of 
acids obtained could not be easily separated by erystallization of 
the silver salts, the proecdure recommended by Crowell’ for the 
separation of butyrie and acetie acids was tested in the following 
manner: 1 gm. of a mixture of 2 parts of butwrie and 1 part of 
acetie acids was diluted to 15 ce., acidified with concentrated hy- 
drochlorie acid, and washed into a separatory funnel with two 
25 ee. portions of saturated calcium chloride solution, containing 
20 gm. of potassium chloride per liter, and two 25 ee. portions of 
kerosene. After shaking, the lavers were separated and the kero- 
sene washed with 10 ce. of fresh caletum chloride solution. The 
kerosene was then extracted with sodium hydroxide, the alkaline 
solution acidified and extracted with ether. The ethereal solution 
was treated with a few drops of ammonium hydroxide and allowed 
to evaporate over night. The residue should contain the am- 
monium salt of the butyrie acid. — 

The ealeium chloride solution was also extracted with ether and 
the ammonium salt prepared in the same manner. The residue 
should contain ammonium acetate. 

These ammonium salts were washed separately into flasks and 
treated with saturated silver nitrate solution. The precipitates 
formed were crystallized from small amounts of waterand analyzed. 


Butyrate fraction: 
0.1422 gm. substance on ignition: 0.0790 gm. Ag. 
CyH;Oo.Ag. Caleulated. Ag 55-4. 
Found. = 
Acetate fraction: 
0.2216 gm. substance on ignition: 0.1370 gm. Ag. 
C.H;O.Ag. Caleulated. Ag 64.7. 
Found. 


It is apparent that butyric acid ean be obtained in a pure state 
from such a mixture but that acetie acid will be contaminated 
by a comparatively large proportion of the higher fatty acid. 

The mixture of salts of the fatty acids obtained from the oxida- 
tion of 20 gm. of 5-methyl-nonane was therefore concentrated 


7 Crowell, R. D., J. Am. Chem. Soc., 1918, xl, 453. 
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to about 15 ee. and fractionated by means of the kerosene ex- 
traction in the presence of the saturated calcium chloride solution. 
There were obtained 1.5 gm. of silver salt from the butyrate frae- 
tion and 1.4 em. from the acetate fraction. 

The butvrate fraction was ervstallized from water and, after 
filtering, aleohol added to the mother liquor. The top fraction 
(1) weighed 1.3 gm. and the lower fraction (11), 0.1265 @m. They 
were both analyzed. 


Fraction T. 0.1014 em. substance on ignition: 0.0559 gm. Ag. 


C ,H;O.Ag. Caleulated. Ag 55-4. 
Found, Fraction “ 505.1. 


Fraction I was dissolved in dilute sulfurie acid, the fatty acid 
extracted with ether, and the ammonium salt prepared as before. 
The residue was treated with one-half the caleulated quantity of 
silver nitrate and the precipitate (Fraction Ia, 0.2 gm.) filtered 
off. A seeond fraction was obtained from the filtrate by the ad- 
dition of an excess of silver nitrate (Fraction Ib, 0.0519 gm.). 


Fraction Ia. 0.1001 gm. substance on ignition: 0.0556 gm, Ag. 


H-;O.Ag. Caleulated. Ag 55-4. 
Found, Fraction Ia. “ 55.5. 


The butyrate fraction was therefore practically pure silver 
butyrate. 

The acetate fraction was also crystallized from water. When 
the solution was heated there was marked blackening, indicating 
the presence of silver formate. Five fractions were obtained: 


Fraction I, 0.6 gm.; Fraction IT, 0.3 gm.; Fraction III, 0.2 gm.; Frac- 
tion [V, 0.0104 gm.; and Fraction V, 0.3 gm. 


They were all analyzed: 


Fraction IT. 0.1043 gm. substance on ignition: 0.0639 gm. Ag. 


« IV. 0.0104 “ “ 
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C.H;O.Ag. Calculated. Ag 64.7. 
C3H;OvAg. 
Found, Fraction I. “ 61.8. 


In order to determine the amount of destruction of the fatty 
acids by permanganate, both acetic and butyric acids were sep- 
arately subjected to the conditions of the oxidation of the hydro- 
carbon. <Acetie acid was not attacked, since there was no loss of 
permanganate in 24 hours. The butyric acid was slowly oxidized. 

1 gm. of butyrie acid was shaken with 1,500 ec. of alkaline per- 
manganate for 16 hours at 37°C. and the fatty acids produced, 
isolated as before. 

The butyrate fraction weighed 0.15 gm. 


0.1004 gm. substance on ignition: 0.0553 gm. Ag. 
C,H;O.Ag. Caleulated. Ag 55.4. 
Found, 


From the acetate fraction 0.4 gm. were recovered: Fraction I, 
0.3 gm.; and IT, 0.1 gm. 


Fraction I. 0.1004 gm. substance on ignition: 0.0621 gm. Ag. 
C.H;0O2.Ag. Caleulated. Ag 64.7. 
Found, Fraction I. “ 61.9. 


4 
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STUDIES IN INORGANIC METABOLISM. 


I. INTERRELATIONS BETWEEN CALCIUM AND MAGNESIUM 
METABOLISM.* 
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(From the Department of Food Economics and Nutrition, Kansas State 
Agricultural College, Manhattan. ) 


(Received for publication, July 14, 1922. 


Although considerable data have been gathered on the metab- 
olism of the ash constituents, the literature concerning the 
interrelations between calcium and magnesium metabolism is very 
limited. This experiment was undertaken to ascertain whether an 
increased intake of caleium would affect the urinary and fecal 
excretion of magnesium and rice versa, thus showing interrelations 
between the metabolism of these two elements. 

The injection of caleium salts, according to observations of 
Mendel and Benedict on dogs, eats, and rabbits (1), was followed 
by increased elimination of magnesium in the urine and similarly 
the injection of a magnesium salt increased the output of urinary 
calcium (2). Givens (3) found that the ingestion by human 
subjects of caleium in the form of raw milk, dried milk, or caleium 
lactate (about 1.5 to 5 gm.) caused an inereased urinary calcium, 
while the ingestion of magnesium citrate (1 to 2.5 gm.) apparently 
had no effect on the urinary magnesium. Calcium lactate was less 
effective than milk in this respect. Underhill, Honeij, and Bogert 
(4) found that the ingestion of ecaleium lactate (2 gm.) inereased 
the urinary calcium but not the urinary magnesium, while the 
same amount of magnesium citrate taken by mouth increased the 
urinary magnesium but not the urinary calcium. 

Malcolm (5) has presented evidenee to show that ingestion of 
soluble magnesium salts causes a loss of calcium in adult dogs and 


* The expenses of the experiments described in this and the two following 
papers were partially met by a grant from the National Research Council. 
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hinders its deposition in young rats, while soluble calcium salts do 
notin the same way promote the exeretion of magnesium. Under- 
hill, Honeij, and Bogert (4) found evidence to show that, with 
normal human subjects in negative caleium balance, calcium 
lactate taken by mouth causes the balance to become positive. 
The negative balance was resumed upon the withdrawal of the 
added ealeium. The increased calcium intake showed little or no 
influence upon the magnesium balanee. Increasing the intake of 
magnesium changed a slightly negative magnesium balance to a 
strongly positive one without much influence upon the calcium 
balance. 

Since conclusions as to interrelations between calcium and 
magnesium metabolism must be based upon experiments in which 
the intake has been earefully controlled and the urinary and feeal 
output of these two elements has been accurately determined, there 
seemed need of more extended metabolic studies in this field, 
These investigations were carried out on human subjects in the 
hope that the evidence thus obtained would be of greater useful- 
ness and interest than if lower animals had been used as subjects. 


EXPERIMENTAL. 


Four healthy young women, two teachers, one student, and one 
secretary, lived for 16 days on an absolutely uniform diet. They 
were weighed at the beginning of the experiment and at the end of 
each 4 day period. <A record was kept of any conditions, such as 
digestive disturbances or the menstrual period, which might affect 
the experiment. A mixed diet was selected which was expected to 
satisfy the requirements for energy, protein, and ash constituents. 

Sherman! has pointed out from the results of nearly 100 experi- 
ments, that calcium equilibrium can be maintained on amounts 
ranging from 0.27 to 0.82 gm., with an average of 0.45 gm. of cal- 
cium per 70 kilos of body weight per day. While the magnesium 
requirement has never been definitely stated, it is usually expected 
that a diet furnishing sufficient caleium will probably furnish 
sufficient magnesium, since both elements are found in about the 
same proportion in many foods. 


1 Sherman, H. C., J. Biol. Chem., 1920, xliv, 21. 
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The experimental diets furnished 0.266 gm. of caletum and 0.275 
gm. of magnesium per day for Subjects A and B, and 0.309 gm. 
of calcium and 0.292 gm. of magnesium for Subjects C and D. It 
is regrettable that the calcium intake fell slightly below the 
theoretical requirement. On analysis of the foods used, it was 
found that several of these foods contained a smaller percentage of 
caleium than had been expected from the average composition of 
foods published by Sherman. The energy and protein contents of 
the diet were ample ? and the actual intake of caleium was about 90 
per cent of the theoretical requirement. 

The probability that the loss of alkali earths through the 
intestine may be increased by the presence of large quantities of 
fat, is brought out by Givens.’ For this reason, the fat in the diet 
was kept low and uniform in amount. Because of the possibility 
of its affecting the calcium output, the amount of sodium chloride 
was also kept low and uniform. 

The diet consisted of bread, butter, lean beef, potatoes, rice, 
peanut butter, apples, milk, and sugar. All the foods used, with 
the exception of the bread and meat, were purchased at the begin- 
ning of the experiment, to insure as uniform composition as pos- 
sible. The bread was bought daily from the same bakery. The 
meat was prepared at the beginning of and twice during the 
experiment, and a composite sample was analyzed. Very lean 
beef, from which practically all the fat and connective tissue were 
dissected, was used. After having been ground and well mixed, 
it was divided into 100 gm. portions, wrapped in paraffin paper 
and kept in cold storage. The potatoes were weighed after being 
baked and peeled. The apples were cored before weighing. 
Each person’s daily supply of rice was weighed dry and cooked with 
the day’s supply of milk in an individual container in a pressure 
cooker. Dried milk from the Merrell-Soule Company was used, 
in order to secure milk of uniform composition. The milk powder 
was accurately weighed out and made up to a definite dilution with 
distilled water. The dilution was chosen to approximate the 
percentage composition of fresh milk. The butter, bought in 
quantity, was melted by heating for a short time to 40-45° C. and 


* Subject D weighed more than Subject C but her energy requirement 
was known not to exceed 2,200 calories. 
3 Givens, M. H., J. Biol. Chem., 1917, xxxi, 441. 
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allowed to stand until all the water and solids had settled out. 
The pure fat was then siphoned off and filtered. The foods were 
accurately weighed and the whole allowance was consumed. As 
far as possible the foods were eaten from the dishes in which they 
were cooked to avoid loss in transfer. Only distilled water was 
used for drinking and for cooking. Tea and coffee were used in 
moderation, the calcium contained being considered negligible. 
An effort was made to secure a fairly uniform intake of liquid 
throughout the experiment. Each subject consumed 4 gm. of 
salt per day. 

A ealeium-low dict was consumed for 4+ days prior to the begin- 
ning of the experiment proper, and also at the close of the experi- 


TABLE I. 


Calcium and Magnesium Content of Foods Used in Diets. 


Food. | | Calcium. | Magnesium. 
per cent per cent 
| 0. O41 | 0.029 


ment until the last collection of the feees was made. The 
experimental period proper was divided into four 4 day periods. 
Period I represented normal ealcium and magnesium intake. 
Period II represented magnesium-high and calcium-normal intake, 
the magnesium being raised by adding to the regular diet 6 gm. of 
magnesium citrate in three equal doses daily. Period III was 
exactly like Period I. Period IV represented caleium-high and 
magnesium-normal intake, the calcium being raised by adding to 
the dict 6’gm. of calcium lactate in three equal doses daily. 

The experimental periods were marked off in the feces by the 
taking of carmine just before the first meal of cach period. Col- 
lections were made in weighed pans, in which they were later dried 
to constant weight. The dried feces were combined in periods, 
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ground, and thoroughly mixed. The daily collections of urine 
were measured, made acid, filtered, and combined into periods. 
Calcium in the urine and feces was determined by the MeCrudden 
method.4 The magnesium determinations and the food analyses 
were done according to the Official Methods of Analysis of the 
Association of Official Agricultural Chemists.2 The caleium and 
magnesium content of foods used in the daily diet is given in Table 
I. A summary of the daily food intake of the various subjects, 
together with the amounts of energy, protein, fat, calcium, and 
magnesium furnished by the diets, is contained in Table II. 
TABLE IL. 
Daily Food Intake. 


Food. Subjects A and B. | Subjects C and D. 
gm. qm. 
20.0 30.0 


The diet for Subjects A and B furnished 2,000 calories, 62 gm. of protein, 
48 gm. of fat, 0.266 em. of calcium, and 0.275 gm. of magnesium. 

The diet for Subjeets C and D furnished 2,208 calories, 66 gm. of protein, 
57 am. of fat, 0.309 gm. of calcium, and 0.292 gm. of magnesium. 


DISCUSSION. 


All the subjects remained in good health and maintained their 
weight throughout the experiment. Subjects A and C had some 
trouble with constipation. The menstrual period was included for 
all subjects but apparently had no influence on the excretion of 
calcium or magnesium, which is in accordance with the more 
extended work of Sherman, Gillett, and Pope® on the monthly 


# MeCrudden, F. H., J. Biol. Chem., 1909-10, vii, 83; 1911-12, x, 187. 

5 These analyses were done at the Agricultural Experiment Station of 
the Kansas State Agricultural College. 

§ Sherman, H. C., Gillett, L. H., and Pope, H. M., J. Biol. Chem., 1918, 


XXXIV, 373. 
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metabolism of nitrogen, phosphorus, and calcium healthy 


women. 

In only one instance was any subject in positive calcium balance 
in either the first or third periods, but the negative balances were 
very small, indicating that the calcium requirement had been 
almost met. Judging from the total excretion and the amount 
of negative balance, the calcium requirements of the four subjects 
would seem to range from about 0.27 to 0.42 gm. per day. This 
corresponds closely to the theoretical requirements, based on 
Sherman’s estimate of the average calcium requirement,! which 
ranged from 0.30 to 0.36 @m. per day. 

On examination of the magnesium balances it is apparent that 
the magnesium requirement Was met in every instance during the * 
first or normal period. Based on total excretion and positive 
balanees of the first period, the magnesium requirement of the 
four subjects would range from 0.10 to 0.20 gm. per day. This 
would seem to indicate that the magnesium requirement of the 
body may be somewhat lower than the calcium requirement. 

Conelusions concerning normal magnesium metabolism ean be 
based only on the first period, since the greatly increased intake 
of magnesium during the second period has very evidently caused 
an abnormally high magnesium exeretion in Period III. On 
account of the possible interrelations between calcium and 
magnesium metabolism, it is impossible to consider the exerction 
of calcium in Period IL or that of magnesium in Period IV as 
normal. Beeause of these facts, Period I has been taken as the 
normal period for comparison in drawing conclusions with regard 
to the experimental periods. 

In considering the first period alone (see Tables III and IV), two 
of the four subjects show urinary magnesium to be less than 
urinary caleium, while the other two show urinary caleium to be 
less than urinary magnesium. Subjects A and B were consistent 
in the magnesium greater than ealcium ratio throughout the 
experiment, with the exception of Subject B in the last period. 
This was the high ealeium period and the ingestion of large doses 
of ealeium probably was responsible for the disturbance of the 
ratio. Subject D shows urinary calcium higher than urinary 
magnesium in all four periods, while Subject C shows the same 
relation in all except the second and third periods, where the 
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urinary magnesium has been greatly increased by the ingestion 
of the large doses of magnesium in Period II. These results do 
not seem to be in agreement with the statement of Givens (3) that 
urinary ealeium is greater than urinary magnesium normally in 
most eases, nor do they bear out the 1:1 ratio suggested by several 
writers. They tend to confirm the observations of Nelson and 
Burns (6), who conclude that either calcium or magnesium may be 


TABLE III. 
Average Daily Intake and Gutput of Calcium. 


Output. 
Subject. Period. Intake. Balance. 
Urine. | Feces. | Total. 
ky). qm. gm. | qm. gm. gm. 

A 47.3 Normal 0.064 0.177 0.241 | 0.266 +0 .025 
Meg-high. 0.065 0.185 0.250 | 0.266 +0 .016 

Normal. 0.072 0.229 0.301 | 0.266—; —0.035 

Ca-high. 0.105 0.926 1.031 | 1.035 +0 .00+4 

B 51.4 Normal, 0.071 0.245 0.316 | 0.266 —0.050 
Meg-high. 0.112 0.215 0.327 | 0.266 —(0.061 

Normal, 0.077 0.215 0.292 | 0.266 —0.026 

Ca-high. 0.168 0 .SS2 1.050 1.035 —0.015 

C 56.1 Normal. 0.112 0.244 0.356 | 0.309 —0.047 
Meg-high. 0.169 0.269 0.438 0.309 —0.129 

Normal, 0.127 0.313 | 0.440 | 0.309 —0.131 

Ca-high. 0.167 0.599 0.766 | 1.07 +0 .312 

D S6.S Normal. 0.167 0.205 0.372 | 0.309 —0.063 
Mey-high. 0.182 0.223 0.405 | 0.309 —0.096 

Normal, 0.183 0.183 0.366 | 0.309 —0.057 

Ca-high. 0.246 0.756 1.032 | 1.078 +0 .046 


in excess in the urine, and whichever predominates does so consis- 
tently in each individual. 

The fecal magnesium is less than the fecal calcium in all four 
cases during the first period, the ratio varying from 1:1.2 to 1:2.2. 
The total magnesium excretion is less than the total calcium 
excretion in all four cases, the ratio varying from 1:1.2 to 1:1.8. 
This supports the statement of Givens and Mendel, (7) that eal- 
cium in the feces is always in excess of magnesium. 
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The ratio of the magnesium found in the urine to that found in 
the feces varies from 1:1.1 to 1:2.5, while the ratio of urinary 
calcium to fecal calcium varies from 1:1.2 to 1:3.4. The magne- 
sium shows quite a varied distribution but corresponds rather 
closely to the ratio of 1:2 as given by Underhill, Honeij, and 
Bogert (4), while the calcium distribution confirms their statement 
concerning a wide variation in the relation of calcium 1 in the urine 
and feces of normal individuals. 


TABLE IV. 
Daily Intake and Output of Magnesium, 
Output. 
Subject. rare A Period. Intake. Balance. 
Urine Feces. Total 
kg. gm. gm. gm. gm. gm. 
A 47.3 Normal. 0.072 0.132 0.204 0.275 +0.071 
Meg-high. 0.217 0.385 0.602 1.046 +0 .444 
Normal. 0.225 0.376 0.601 0.275 —0.326 
Ca-high. 0.123 0.195 0.318 0.275 —0.045 
B 51.4 Normal. 0.100 | 0.112; 0.212 | 0.275 +0 .063 
Meg-high. 0.184 0.617 0.801 1.046 +0 .245 
Normal. 0.126 0.187 0.313 0.275 —0.038 
Ca-high. 0.076 0.164 0.240 0.275 +0.0385 
C 56.1 Normal. 0.080 | 0.113 | 0.193 |} 0.292 +0.099 
Me-high. 0.1SS 0.633 0.821 1.0638 +0 .242 
Normal. 0.182 0.271 0.453 0.292 —(0.161 
Ca-high. 0.118 0.129 0.247 0.292 +0 .045 
D S6.8 Normal. 0.070 | 0.176 0.246 0.292 +0 .046 
Myg-high. 0.1538 0.753 0.906 1.063 +0157 
Normal. 0.090 0.175 0.265 0.292 +0 .027 
Ca-high. 0.067 0.190 0.257 0.292 +0 .035 


The percentage of the calcium intake excreted through the feces 
in the first three periods ranged from 59 to 101 with an average of 
78 per cent. The percentage of calcium intake excreted through 
the urine in the first three periods ranged from 24 to 59, with an 
average of 40 per cent (Table V). The large percentage of 
calcium excreted by way of the urine is noteworthy, especially 
in Subjects C and D. The percentages of magnesium intake 
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exereted by way of the urine and feces in the different periods are 
given in Table VI. Due to the fact that the magnesium excretion 
was disturbed in a number of cases for several periods by the large 
doses of magnesium citrate ingested in the second period, it 
seems unwise to draw conclusions as to the normal distribution 


of magnesium between urine and feces from these figures. 
The addition of 6 gm. of magnesium citrate to the regular diet 
during the second period increased the urinary and fecal magne- 


TABLE V. 


Distribution of Calcium in Urine and Feces. 


Subject. Period I. Period II. Period III. Period LV. 
gm. per cent gm. per cent qm. percent gm. per cent 
A Ca intake. | 0.266 0.266 0.266 1.035 
Urine. 0.064) 24.1 | 0.065) 24.4 | 0.072) 27.0 | 0.105 10.1 
Feces. 0.177) 66.5 | 0.185, 69.6 | 0.229) 86.1 | 0.926) 89.5 
Total. 0.241) 90.6 | 0.250 94.0 | 0.301/113.1 | 1.031) 99.6 
B Ca intake. | 0.266 0.266 0.266 1.035 
Urine. 0.071) 26.7 | 0.112! 42.1 | 0.077) 28.9 | 0.168) 16.2 
Feces. 0.245) 92.1 | 0.215) 80.8 | 0.215) SO.8 | 0.882) 85.2 
Total. 0.316)118.8 | 0.327;)122.9 | 0.292)109.7 | 1.050/101 .4 
C Ca intake. | 0.309 0.309 0.309 1.078 
Urine. 0.112; 36.2 | 0.169) 54.7 | 0.127) 41.1 | 0.167) 15.5 
Feces. 0.244) 78.9 | 0.269) 87.0 | 0.313/101.3 | 0.599) 55.5 
Total. 0.356/115.1 | 0.438,141.7 | 0.440)142.4 | 0.766) 71.0 
D Ca intake. | 0.309 0.309 0.309 1.078 
Urine. 0.167; 54.0 | 0.182) 58.9 | 0.183) 59.2 | 0.246) 22.8 
Feces. 0.205) 66.3 | 0.223) 72.2 | 0.183) 59.2 | 0.786) 72.9 
Total. 0 .372|120.3 | 0.405)131.1 | 0.366:118.4 | 1.032) 95.7 
sium in all four cases to quite an appreciable degree. The per- 


centage of increase, based on the first or normal period, varied from 
80 to 200 in the urine and from 190 to 460 in the feces. This same 
period of high magnesium intake showed an increase in the urinary 
calcium in three out of four cases, the increase ranging from 9 to 
7 per cent. The fecal calcium was also increased by the added 
magnesium in three out of four cases, but to a lesser degree, the 
percentage increase ranging from 4.5 to 10. The total calcium 
excretion of this period, however, was increased in all four eases, 
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the percentage of increase varying from 35.38 to 23 per cent. It is 
interesting to note that Subject B, who showed a slight loss in feeal 
ealecium during this period of high magnesium intake, showed the 
largest percentage gain in urinary calcium during this same period, 
indicating that, in this subject, the increased ealcitum output was 
excreted chiefly through the urine. Contrary to the results of 
Givens (3), who was unable to get an increased urinary output of 
magnesium by the ingestion of magnesium citrate, the results of 


TABLE VI. 


Distribution of Magnesium in Urine and Feres. 


Subject. Period I. | Period IT. | Period IIT. Period IV. 
gin. | per cent | gm. per Ce nt | gm. | per gi. per cent 
A | Mg intake. | 0.275, 1.046 0.275 0.275 
Urine. | 0.072) 26.2 | 0.217) 20.7 | 0.225) 81.8 | 0.123) 44.7 
Feces, 0.132, 48.0 0.385. 36.8 | 0.376 136.7 | 0.195) 70.9 
Total. | 74.2) 0.602 57.5 | 0.601 218.5 | 0.318 115.6 
| 
Bb | Me intake. | 0.275) 1.046 | 0.275 0.275 
Urine. 0.100 36.3 | 17.6 | 0.126 45.8 | 0.076, 27.6 
Feces. 0.112 40.7 0.617 58.9 | 0.187) 68.0 | 0.164) 59.6 
Total. (0.212 77.0 | 0.801, 76.5 | 0 313 113.8 | 0.240) 87.2 
| | | 
| Mg intake. | 0.292| 1.063 0.292 0.292 
Urine. 0.080, 27.4 | 17.7 | 0.182) 62.3 | 0.118) 42.9 
Feces. 0.113, 38.6 | 0.633) 59.5 | 0.271) 92.7 | 0.129) 46.9 
Total. 0.193, 66.0 0.821 77.2 0.453.155.0 | 0.247, 89.8 
| | 
D | Mg intake. | 0.292, 1.063. 0.202 0.202 
‘Urine. 0.070 23.9 0.153 14.4 0.090 30.7 | 0.067) 24.3 
Feces. 0.176 60.2 0.753 70.8 | 0.175 59.9 | 0.190 69.1 
Total. 0.246 84.1 | 0.906 85.2 | 0.265 90.6 | 0.257) 93.4 


this experiment show an increase in every case (Table IV). This 
difference ean perhaps be accounted for by the fact that the doses 
of magnesium which Givens gave were comparatively small (1 to 
2.5 gm.). Tlowever, Underhill, Honeij, and Bogert (4) found an 
increased urinary magnesium after the ingestion of only 2 gm. of 
magnesium citrate. 

With regard to the effects of the addition of calcium lactate to 
the experimental diet, in doses of 2 gm. each three times a day 
during the last period, it ean be seen by consulting Table IT], that 
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the urinary and feeal calciums were raised very noticeably in every 
ease. The urinary increase ranged from 31 to 128 per cent above 
that of the first or normal period, and the fecal increase from 145 
to 432 per cent. It isa little difficult to ihterpret the effects of the 
added ealcium intake of Period IV on the magnesium output of 
this period, because the high magnesium intake of Period II seems 
to have kept both the urinary and fecal magnesium output abnor- 
mally high in Period III as well as in Period II, especially in 
Subjects Aand C. However, it 1s evident that the urinary magne- 
sium in Period IV was decidedly increased above that of Period I 
in Subjects A and C, remained practically constant for Subject D, 
and was somewhat lowered for Subject B. The probable inter- 
relation between calcium intake and magnesium output is seen 
more clearly in the fecal magnesium which showed an increase 
over that of Period I in every ease, while the total magnesium 
output also showed an increase in every ease, ranging from -t.5 
to 56 per cent. These results confirm the work of Mendel and 
Benedict (2), who found the injection of magnesium salts to cause 
increased urtnary calcium, and agree in part with their results 
that the injection of calcium salts causes increased urinary mag- 
nesium (1). Neither Givens (3) nor Underhill, Honeij, and Bogert 
(4) were able to produce increased urinary magnesium by the 
addition of caleium lactate to the dict. 


CONCLUSIONS. 


1. The addition of G gm. of magnesium citrate per day to the 
experimental diet increased the urinary and fecal magnesium in all 
four eases. The added magnesium also increased the urinary and 
fecal calctum in three out of four cases, and the total calcium excre- 
tion in all four cases. 

2. The addition of 6 gm. of calcium lactate per day to the experi- 
mental diet lead to decided increases tn both urinary and fecal caletum 
in all four cases. It seemed to result in increased urinary mag- 
nesium in two instances and in a slightly inereased feeal and total 
magnesium output in all four subjects, although possible after 
effects of the magnesium citrate taken in Period II make it 
impossible to draw definite conclusions as to the influence of the 
calcium lactate upon magnesium metabolism. 
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STUDIES IN INORGANIC METABOLISM. 


II. THE EFFECTS OF ACID-FORMING AND BASE-FORMING DIETS 
UPON CALCIUM METABOLISM. 
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(From the Department of Food Economics and Nutrition, Kansas State 
Agricultural College, Manhattan. ) 
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Although the importance of calcium in nutrition and the 
common nutritional disturbances due to calcium deficiency are 
well established facts, the conditions which affect the retention of 
ealclum in the body are imperfectly understood. One phase of 
this subject, which is still in the experimental stage, is the effect 
which acid and base have upon calcium retention. Several experi- 
ments have been performed adding acid or base to the diet, others 
in which acid-forming or base-forming rations were fed, but of 
the latter only a few were done quantitatively or with human 
subjects. Futhermore, the results obtained have often been of 
a conflicting or doubtful nature. 

Steenbock, Nelson, and Hart (1) found that high ingestion of 
acid-forming foods appeared to cause decalcification of the bones 
in calves and swine, although such rations produced no serious 
effects upon growth and reproduction. Another experiment, 
showing the effect of an acid-forming diet, was carried on by 
Chalmers Watson,! who found that animals, which were fed on an 
exclusive meat diet, developed an appearance of delayed and 
imperfect ossification with increased vascularity in the bones. 
D. Forsyth! found that domestic fowls remained healthy after being 
fed from 11 months to 2 years upon meat, supplemented by lime; 
and rats fed solely on meat were reported by E. J. Spriggs! to have 
rough and abnormal coats, which improved almost to normal 
when lime was added to the diet. Rations, which did not provide 


1 Reviewed by Forbes (2). 
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enough mineral bases to neutralize the acids, caused malnutrition 
of the bones of swine in experiments by Forbes (2), while the addi- 
tion of glycerophosphates of the same mineral bases overeame the 
the bad effect by neutralizing the excess acid. He attributed to 
the same cause the pathological conditions and decrease in growth 
of bone and muscle, which resulted when, in earlier experiments, 
he fed large amounts of water extract of wheat, which contained 
an excess of acid-forming mineral elements. He also ealled atten- 
tion (2) to the experiments of Weiske in which prolonged feeding 
of cereals reduced the amount of calcium in the bones of herbivora. 

Sherman (3) found that, when lean beef was added to a diet 
on which ealetum equilibrium had been established, a negative 
calcium balanee resulted. However, he did not attribute the 
loss of ealecium to the preponderance of acid-forming food in 
the diet because of a previous experiment,’ which did not indicate 
any definite relation between an excess of acid- or base-forming 
foods and the caletum needed for maintenance. In this experi- 
ment, one subject showed an average excretion of 0.08 gm. of 
ealcium per day on a diet which vielded a strong preponderance 
of acid-forming elements, while on a ‘‘ balanced” diet the same 
subject excreted 0.10 gm. of calcium per day. 

Dubois and Stolte*® were the first to study the effect of alkali 
on the retention of caleltum in infancy. They believed that the 
favorable affect of Ixeller’s malt soup upon calcium retention was 
due to its alkali content. The addition of alkali to milk was found 
by Sato (4), however, to produce an unfavorable effect upon in- 
fants. He gave malt extract alone with a beneficial effect upon 
ealcium retention but, when he added a considerable amount. of 
alkali to the malt extract, it seemed to have an unfavorable 
influence upon the calcium balance. He stated that probably 
ammonia is much more readily available than calcium for the 
neutralization of acids in the body. 


EXPERIMENTAL. 
The metabolism experiments deseribed in this paper were ear- 
ried out to investigate the cffeets of acid-forming and base-forming 
? Sherman, EH. C., Gillett, L. H., and Pope, H. M., J. Biol. Chem., 1918, 


XXXIV, 373. 
3 Dubois, M., and Sto!te, K., Jahrb. Kinderh., 1913, Ixxvii, 21. 
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diets upon calcium exeretion in human subjects. The subjects 
were four norn,al women, three college students and one librarian. 
All of the food eaten was carefully weighed and its calcium content 
determined, while quantitative determinations were made of the 
amounts of calcium in the feces and urine. The technique of 
collection of excreta and of methods of analysis used will be found 
in the preceding paper,’ which also contains descriptions of the 
foods used, their preparation, and weighing. The same foods 
constituted the diet of the subjects of this experiment, with the 
addition of peas and eggs. The canned peas were thoroughly 
drained before weighing. The eggs were boiled hard in the shell 
and the whites and yolks weighed separately. 

The experimental period of 16 days was divided into four periods 
of 4 days each. _ It was preceded by a 4 day period of calcium-low 
diet; the same calcium-low diet was taken in the after period until 
the last marker appeared in the feces. In the first and third 
periods, the diets were selected so that the excess of base furnished 
by certain foods was practically balanced by the excess of acid 
supplied by the other foods. The diet of the second period con- 
sisted almost entirely of base-forming foods and that of the fourth, 
of acid-forming foods. The data for the acidity or alkalinity of the 
foods were taken fiom Sherman’s tables,° which express the excess 
of acid or base in cubie centimeters of normal solution. The 
balanced diet consisted of beef, peanut butter, bread, rice, pota- 
toes, milk, apples, butter fat, and sugar; the base diet, of apples, 
milk, peas, potatoes, peanut butter, and sugar; and the acid diet. 
of bread, rice, eggs, milk, butter fat, and sugar. 

The diets were planned to mect the requirements for energy, 
protein, and caleium and to yield uniform amounts of energy, 
protein, calcium, and fat in all four periods. The caleium require- 
ments of the subjects, estimated from Sherman’s figure (3) of 0.45 
gm. per day per 70 kilos of body weight, ranged from 0.31 to 0.37 
gm. Unfortunately, the amount of calcium in some of the foods 
(see Table 1) was found on analysis to vary from the average 
figures given by Sherman,® so that the intake of ealeium not only 


‘ Bogert, L. J., and MelWittrick, FE. J., J. Biol. Chem., 1922, liv, 363. 

* Sherman, H. C., and Gettler, A. O., J. Biol. Chem., 1912, xi, 329. 

Sherman, H. C., Chemistry of food and nutrition, New York, 2nd 
edition, 1919, 421. 
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was somewhat below the theoretical requirement, but was not as 
nearly constant as had been expected. The average percentages of 
the theoretical calcium requirement furnished by the diets were as 


follows: 
per cent 
TABLE I. 
Calcium Content of Foods Used in Diets, 
Food. Calcium. 
per cent 


Daily Food Intake. 


TABLE Il. 


Subjects FE and F. 


Subjects G and H. 


a Periods | Period | Period | Periods | Period | Period 
Tand III. Il. IV. ITandIIl. IT. IV. 
gm. gm. gm. gm. gm. gm. 
100.0 100.0 
Eee white............ 130.0 130.0 
Peanut butter....... .| 48.0 112.0 45.0 105.0 
gg | 25.8 13.0 16.0 10.0 
160.0 | 135.0 160.0 
71.0 150.0 86.0 150.0 
ESE Rear 80.0 | 116.0 | 135.0 72.0 | 101.0 | 107.0 
307 .6 307 .6 
95.0 | 120.0 | 140.0 64.5 | 100.0 
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Composition of Diets. 


TABLE III. 


Period. 


| 
| 


| 
Calories. | 


Protein. | 


Fat. 


| Calcium. | 


Excess* of 


| Base. Acid. 
Subjects and 
| qm. gm. jm. ce. cc. 
Land II 2291.8 67.6 | 61.2 | 0.297 | 29.46 | 31.61 
Il 2,182.5, 65.1 | 59.4 | 0.260 | 59.90 | 4.73 
IV 2,185.9} 65.9 | 60.7 | 0.319 | 2.27 | 62.14 
Subjeets G and H. 
Iand II —| 1,968.0 63.5 | 47.8 | 0.242 | 28.27 | 30.09 
II | 1,946.3, 59.8 | 54.5 | 0.223 | 49.99 | 4.43 
IV | 1,944.8 61.4 | 48.9 | 0.287 | 1.79 | 56.31 


* Potential acidity or alkalinity is expressed in cubic centimeters of 


normal solution. 


Average Daily Intake and Output of Caleiwn, 


TABLE IV. 


Subject. | Period. Intake. | Balance. 
| Urine. Feces. Total. 
| kg. gm. gm. gm. gm. gm. 
| 55.1 | Balanced. | 0.086! 0.303 | 0.389! 0.297 | —0.092 
| Basic. 0.046} 0.344! 0.390! 0.260} —0.130 
| Balanced. | 0.075 | 0.223 | 0.298] 0.297 | —0.001 
| Acid. 0.137 | 0.3388 | 0.475 | 0.319 | —0.156 
F | 57.4 | Balanced. | 0.137 | 0.236 | 0.373 | 0.297 | —0.076 
Basie. 0.116! 0.241} 0.357] 0.260 | —0.097 
Balanced, 0.183 | 0.157 | 0.3840 |} 0.297 | —0.048 
Acid. 0.231 | 0.197 | 0.428 | 0.319 | —0.109 
G 48.8 | Balanced. | 0.074! 0.276} 0.350} 0.242 | —0.108 
Basic. 0.039 | 0.275 | 0.314] 0.223 | —0.091 
Balanced. | 0.123 0.303 | 0.426) 0.242 | —0.1S4 
Acid. 0.086 | 0.240] 0.326 | 0.287 | —0.039 
Hi | 48.3 | Balanced. | 0.101 | 0.300} 0.401 | 0.242 | —0.159 
| Basic. 0.065 | 0.273 | 0.338 | 0.223 | —0.11 
| Balanced. | 0.097} 0.200} 0.297 0.242 | —0.055 
| Acid. 0.138 | 0.207 | 0.345 | 0.287 | —0.058 
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The detailed composition of the diets used is shown in Tables II 
and III. The data obtained from the analysis of the excreta are 
presented in Tables IV, V, and VI. 


DISCUSSION. 


All the subjects were in good health and continued so throughout 
the experiment with the exception of Subject G, who experienced 
some digestive difficulty as a result of the diet in Period II. Their » 

TABLE V. 


Relative Amounts of Calcium Excreted in Urine and Feces. 


Subject. | Period. | Urine. Feces. 
| | per cent per cent 

| I | 22.3 
| II | 11.9 88.1 

| III 25.1 74.9 

lV 28.8 

F I | 36. 63.4 
I! | 32.5 67.5 

III | 53.8 46.2 

| IV 53.9 46.1 

G | I 21.0 79.0 
| II 12.3 87.7 

| III 28.7 71.3 

| IV | 26.4 73.6 

H | I | 25.1 74.9 
| II 19.3 80.7 

III 32.5 67.5 

IV 40.7 59.3 


weights remained almost constant. The menstrual period for all 
four subjects was included during the experiment, but did not seem 
to affect the calcium output. 

Owing to differences between the actual percentages of calcium 
in the foods used and the average percentages upon which the 
dietaries were planned, the intake was lower than the theoretical 
requirement and all the subjects showed negative calcium balance 
throughout the experiment. The most unfortunate effect of the 
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variations in the calcium composition of the foods used was the 
fact that the total intake of calcium varied instead of being 
practically constant, as planned. The calcium intake was high- 
est during the acid-forming diets, while the base-forming diets 
furnished considerably less calcium than the other diets. As 
has been previously noted, the acid-forming diets furnished 
about 90 per cent, the balanced diets about 80 per cent, and the 
TABLE VI. 
Comparison of Calcium Deficiency of the Diet With the Calcium Balance. 


Balance 
Subject. Period. Intake. Output. Balance. d of 
of diet. 
gm. gm. gm. gm. gm. gm. 

E I 0.354 0.297 0.389 —0.092 0.057 —0.035 
II 0.260 0.390 —0.130 | 0.094 — 0.036 
III 0.297 0.298 —(0.001 0.057 +0. 056 

IV 0.319 0.475 —0.156 0.035 —0.121 

I 0.369 0.297 0.373 —0.076 0.072 —0.004 
II 0.260 | 0.357 —0.097 0.109 +0.012 
III 0.297 0.340 —0.045 0.072 +0.029 

lV 0.319 0.428 —0.109 0.050 —(0.059 

G I 0.311 0.242 |) 0.350 —0.10S | 0.069 —0.039 
II 0.223) 0.314 —0.091 0.088 —0.003 

Ill 0.242 0.426 —0.1S4 0.069 —0.115 

lV 0.287 0.326 —0.039 0.024 —0.015 

HL I 0.310 0.242; 0.401 —0.159 | 0.068 —0.091 
II 0.223 0.338 —0.115 (). OS7 —0.028 

III 0.242 0.207 — 0.055 0.068 +0.013 

lV 0.345 —0.05S8 0.025 035 


base-forming dicts about 70 per cent of the theoretical calcium 
requirement. 

In Table VI is shown the result of subtracting the calcium 
deficiency of the diet from the calcium balance... Some of the 
discussion of data is based upon the theory that this difference 
between the dictary calcium deficiency and the calcium balance 
represents what the balance might have been if the theoretical 
calcium requirement had been met. There is also the possibility 
that the calcium furnished by the different diets may not have 
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been equally well assimilated. This might be expected especially 
in the base-formjng diets of Period II, since peas formed so large 
a part of these diets and the nitrogen of this food has been shown 
to be poorly utilized. Although the number of stools was increased 
during this period and the feces were somewhat more loose, no 
actual diarrhea was produced (with the possible exception of Sub- 
ject G), and the calcium balances do not warrant the conclusion 
that the calcium of the food was more poorly utilized on this diet. 

It might have been expected, since the diets for Periods I 
and III were the same, that the calcium balances would have been 
approximately the same in these two periods, but reference to 
Table IV will show that three subjects had appreciabiy smaller 
negative calcium balances in the third than in the first period. 
The reason for this difference may be that during the first period, 
in spite of the low calcium fore period of 4 days, the body was not 
yet adjusted to the small calcium intake, while by the third period 
calcium metabolism had more nearly reached a minimum amount. 
On the other hand, the lower output of calcium on the balanced 
diet of Period III might be attributed to after effects of the base- 
forming diet of Period II, when the calcium intake was lower. 
Because of the impossibility of determining which of the two 
periods on a balanced diet represents a true normal for purposes of 
comparison, it was thought wiser in interpreting the data to com- 
pare the calcium excretion and balances in the period on the base- 
forming diet (Period II) and the period on the acid-forming diet 
(Period IV) with those of the balanced period immediately preced- 
ing each, rather than with an average of Periods I and III. 

The urinary calcium was considerably lower, in every case, in 
the period on the base-forming diet than in the preceding period 
on a balanced diet (Table IV). Moreover, the amount of calcium 
excreted in the urine during the final period, when an acid-forming 
diet was consumed, was decidedly higher than that excreted in the 
preceding period, except in the case of Subject G. Since this 
subject had difficulty in recovering from the digestive disturbance 
caused by the diet of the second period, the high caleium excretion 
which she showed in Period III may be attributable to after 
effects of the previous diet. The large amount of the urinary 
calcium of Subject G in Period III may be partly accounted for 
by a greatly increased volume of the urine in this period. In any 
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event, the abnormal condition of this subject during the latter 
half of the experimental period seemed to offer probable explana- 
tion of the exception which she showed to the usual effects of an 
acid-forming diet, as shown in the other three subjects. 

The effects of the acid-forming and base-forming diets upon fecal 
ealclum were not so apparent as their influence upon the urinary 
calcium. In Subjects EK and F, the calcium output in the feces 
was higher in both the basie and acid periods than it was in the 
periods on the balanced diet which preceded each. Subject G 
had almost the same feeal calcium in the basic period as in the 
balanced, but the calcium in the feces was decreased during the 
acid period. Subject H was like Subjects E and F in that the 
output of calcium rose in the acid period, but differed from them in 
showing a decrease instead of an increase in fecal calcium in the 
period on the base-forming diet. 

Although the actual amount of calcium excreted in the feces was 
not so uniformly affected by the acid- and base-forming diets, it 
is clear that the base-forming diet tended to divert calcium from 
the urine to the feces, while the acid-forming diet had the opposite 
effect of increasing the percentage of the calcium output excreted 
in the urine and decreasing it in the feces. Table V shows the 
percentage distribution of calcium output between the urine and 
feces. It will be seen that, in every case, the per cent of calcium 
excreted jn the urine was decreased and the per cent exereted by 
the feces increased in the second period. The effect of the acid- 
forming diet in increasing the per cent of calcium excreted by way 
of the urine and decreasing fecal calcium is clear in two instances. 
In the other two subjects, this effect 1s only to be noted in case the 
figures for Period IV are compared with those of Periods I or II. 
These facts, and the additional observation, that the base-forming 
diet had a greater effect in changing the-route of calcium excretion 
than the acid-forming diet, are apparent from the following 
figures compiled from Table V: 


| Balanced diet. Base-forming diet. Acid-forming diet. 
Calcium. 
| Range. Average. Range. Average. tange. Average. 
per cent | per cent per cent per cent per cent per cent 
Urinary........} 21-54 30 12-32 19 26-54 37 
46-79 70 67-SS Sl 46-74 63 
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It is interesting to note that the amount of calcium excreted by 
way of the urine may be even greater than the amount in the faces. 
The average distribution between urine and feces on a balanced 
diet corresponds very closely to that often given (3:7). 

The effects of the acid-forming and base-forming diets upon the 
total calcium output were similar to their effects upon urinary 
calcium, since the basie period showed a decrease and the acid 
period an increase in the total calcium excretion in three out of 
four cases. In Subject E, the output in the basic period was the 
same as in the preceding balanced period, and the output in Sub- 
ject G, who was known to be in an abnormal condition, was low- 
ered in the acid period. 

Since the intake of calcium was appreciably lower in the basic 
period and somewhat higher in the acid period, the calcium balance 
must be given more weight than the amount excreted. The 
negative calcium balances were increased in both the acid and basic 
periods in two subjects, while the other two cases showed dimin- 
ished negative calcium balances in the basic and acid periods, 
with the exception of Period IV, Subject H, where the balance re- 
mained the same as in the preceding period. However, the 
variation in the calcium deficiency of the diet must be taken into 
account in interpreting the calcium balances. These figures are 
tabulated in Table VI and show that, not only can the inerease 
in the negative calcium balance in two cases in Period II probably 
be accounted for entirely by the increased deficiency of the diet, 
but in the other two cases the diminution in calcium output was 
more than sufficient to compensate for the diminished intake, 
so that the negative calcium balance was actually decreased on the 
basie diet which afforded less calcium. On the other hand, the 
considerably increased negative calcium balanee shown by Sub- 
jects I. and F during the fourth period cannot be accounted for 
at all by a corresponding increase in the deficiency of the diet, 
since the diet was richer in calcium in this period than in any other. 
Subject IT showed an increased total exeretion of calcium in Period 
IV, part of which might be accounted for by increased calcium 
intake. Subject G offered an exception in that she had a decreased 
negative calctum balance in Period IV. While not conclusive, the 
above noted facts seem to show a possible tendency toward dimin- 
ished caleium exeretion on the base-forming dict and a rather well 
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marked tendency toward increased excretion of calctum on the 
acid-forming dict. 

The effect of an acid-forming diet in increasing urinary calcium, 
which is shown in these experiments, is in aecord with the results 
of earlier experiments where acid was given as such. A nume- 
her of investigators, whose work has been reviewed by Forbes (2) 
have demonstrated increased urinary calcium after giving hydro- 
chloric and other acids. However, Stehle and McCarty (5) stated 
that ingestion of hydrochloric acid produced no appreciable effect 
upon uripary calcium in man. Stehle (6) found an increased 
excretion of calcium in dogs after the ingestion of hydrochlorie acid, 
but Givens and Mendel (7) noted no increase of total calcium 
excretion under similar experimental conditions. The decrease 
of urinary calcium as a result of the base-forming diet is in con- 
trast to the observation by Givens and Mendel (7), that 40 gm, 
of sodium bicarbonate per day, administered over a long period, 
did not decrease the high excretion of calcium in the urine of a 
diabetic man, and that sodium bicarbonate given to dogs was 
without effect upon calcium excretion. 

The detrimental effects of acid-forming diets upon calcium 
retention have been noted in several feeding experiments upon 
animals. Steenbock, Nelson, and Hart (1), Chalmers Watson, 
and Forbes (2) all agree that decalcification of the bones resulted 
after prolonged periods on acid-forming rations. The above 
experiments confirm in general the evidence of an increased cal- 
cium excretion resulting from acid-forming diets noted in the 
present investigations. 


CONCLUSIONS. 


1. The base-forming diets consumed in Period II resulted, in 
every case, in a decided diminution in urinary calcium, while the 
acid-forming diets of Period IV caused a marked increase in urinary 
calcium in three out of four subjects. The amounts of caleium 
excreted in the urine on the acid-forming diets were from two 
to three times greater than the amounts excreted on the base- 
forming diets In every instance. 

2. The precentage of total calcium output eliminated through 
the urine was noticeably decreased on the base-forming diets and 
increased on the acid-forming diets, while the percentage of 
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calcium excreted by way of the feces was increased on the basc- 
forming diets and decreased on the acid-forming diets, showing the 
tendency of the base-forming diets to divert calcium from the urine to 
the feces, and of the acid-forming diets to increase urinary calcium at 
the expense of fecal calcium. 

3. Three out of the four subjects showed a noticeable increase in 
total calcium excretion and two showed increased negative calcium 
balances, not to be accounted for by calcium deficiency in the diets, 
during the period in which the acid-forming diets were consumed. 
It is impossible to draw conclusions as to the effect of the acid- 
forming diet upon the fourth subject, due to digestive disturbances 
which arose during the latter part of the experiment. 

4. The total calcium excretion during the period of the base-forming 
diet was lower than in the preceding period in three subjects, and 
about the same in the fourth. Jn two instances, the negative 
calcium balance was diminished on the base-forming diet, while in 
two instances, it was increased. In the two latter cases, the in- 
creased negative balance can be practically entirely accounted for 
by the diminished ealcium intake of this period. The other two 
subjects seem to have been able to overcompensate for the decrease 
in calcium intake by a decrease in calcium excretion. 

5. Since the ealetum intake furnished by the base-forming dict 
was appreciably lower than that furnished by either of the other 
diets, it is impossible to draw definite conclusions as to the influ- 
ence of the acid-base content of the diets upon ealeium retention. 
However, the facts stated above tend to indicate that calcium is 
retained somewhat more readily on a basic diet than on balanced or 
acid-forming diets, while calcium excretion 7s greater on an acid-form- 
ing diet than on balanced or base-forming diets. 
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Because of the importance of calcium assimilation in human 
beings, especially in such conditions as growth, pregnancy, and 
rickets, an understanding of various factors which may affect 
calcium retention is essential. Very few experiments have been 
carried out to observe the influence of different factors on calcium 
metabolism in man. The following experiments were undertaken 
to investigate the possible relation between the vitamine content 
of the diet and calcium excretion in normal women. 

In reviewing the literature on calcium metabolism, many cases 
of poor utilization of calcium by animals are found. Negative 
calcium balances have been reported repeatedly, where the calcium 
content of the diet was known to have been adequate or even 
abundant. As early as 1908 Hart, MeCollum, and Humphrey (1) 
made observations on a lactating cow, which showed a negative 
calcium balance persisting throughout an experiment of 110 days. 
A deficient calcium intake was accompanied by a considerable 
output of this element in the feces. They believed the skeletal 
tissues to be ready sources of calcium supply. Hart, Steenbock, 
and Humphrey (2) later observed disaster in reproduction with 
cows fed over long periods on a ealetum-low ration. Addition 
of vitamine A (butter fat), of casein, or of both to the diet did 
not improve the ration for reproduction, while the addition of 
calcium salts was effective in this respect. 

In reviewing his work on high milking cows, supposedly receiving 
ample amounts of calcium, Forbes (3, 4) pointed out the frequent 
occurrence of negative calcium balances and the fact that the ad- 
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dition of easily soluble calcium to the diet did not lead to positive 
balances. Meigs, Blatherwieck, and Cary (5) found continued 
negative balances in dry, pregnant cows on a calcium-rich ration of 
dry alfalfa hay, corn silage, and grain mixture. They attributed 
this to nervous disturbances incident upon the experimental 
procedure. 

After the addition of calclum carbonate or phosphate to grain 
rations fed to a growing pig, Hart, Steenbock, and Fuller (6) found 
increased retention of both calcium and phosphorus with a result- 
ing heavier skeleton. In experimenting on growing swine, Hart, 
Miller, and MeCollum (7) noted nutritional failure resulting 
from a diet of grains. Both alfalfa, which added inorganic con- 
stituents as well as vitamine A, and meat scraps, which sup- 
plied more efficient proteins, vitamine A, calcium, and phosphorus, 
proved good supplements to the grain dict. 

In 1913 Steenbock and Hart (8) noticed a favorable effect upon 
calcium balances in goats after changing from a diet of dry roughage 
to green pasture. In a further study (9) made upon both dry and 
milking goats in 1921, they found similar results on changing from 
a diet of dry oat straw to fresh green oats. They also observed 
that cod liver oil added to the oat straw dict, consistently changed 
negative calcium balances to positive balances, while orange juice 
and raw eabbage had no such effect. It would seem from this 
work that the factor affecting calcium assimilation and resident in 
green oats and grasses is present also in cod liver oil. 

Robb (10) has cited experiments with guinea pigs, 1p which the 
elimination of calcium was twice as great on a diet of dried plants 
as on a diet of fresh green plants, to which calcium-free orange 
juice had been added. 

Furthermore, the possible relation of vitamine A to calcium re- 
tention has been suggested by several workers on rickets. Shiplev, 
Park, McCollum, Simmonds, and Parsons (11), and Park and How- 
land (12) studied the beneficial effect of cod liver oilon rats suffering 


from experimental rickets. The therapeutic effect of cod liver- 


oil in the treatment of rachitic children has long been recognized. 
Some substance or substances present in the oil favor calcium deposi- 
tion in the bones. Hess does not believe this antirachitice factor 
to be svnonymous with vitamine A (13,14), since, in his experi- 
ments, milk did not prevent the development of rickets in children. 
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He also reported (15) failure of rats to develop rickets on a diet 
deficient in vitamine A. Lack of active development of bone 
resulted, however, in these cases and keratitis was also frequent but 
occurred less often in rats receiving orange juice as a supplement to 
the diet. McCollum and his collaborators (16,17) found that butter 
fat did not exert as favorable an influence on bone development in 
rats as did cod liver oil. He believes the substance which pro- 
motes bone growth to be a fourth vitamine (18). It has been 
pointed out by Howland and Kramer (19) that calcium in the 
serum of rachitic children may or may not be reduced, but that 
the phosphorus content of the serum, which is uniformly reduced 
in rickets, is brought back to normal by administration of cod 
liver oil. 


EXPERIMENTAL. 


Tour normal women, one college student and three teachers, 
served as subjects for this experiment. The weights of the subjects 
ranged from 53.5 to 64.4 kilos and the ages from 21 to 33 years. 

The experimental period of 16 days was divided into four 4 
day periods, with fore and after periods on ealcium-low diet, as 
described in the preceding papers. The diets of the first and third 
periods were the same. ‘They consisted of lean beef, rice, skimmed 
milk, white bread, sugar, corn-starch, and purified fat from nut 
margarine. These foods were sclected to give a diet very low in 
vitamines. Skimmed milk powder was used; since its vitamine 
content would be lower than that of fresh, whole milk. The 
diluted milk powder was also subjected to high temperatures by 
cooking with rice in a pressure cooker (25 minutes at 10 to 15 
pounds pressure). In the second period, yeast was added to the 
diet to supply vitamine B; and in the fourth period an equal 
weight of butter fat was substituted for the vegetable fat to give 
vitamine A. Both the nut margarine and butter were purified 
by melting at a temperature not exceeding 45°C. and siphoning 
off the pure fat, which was then filtered. The yeast, added to the 
diet during Period II, was taken in emulsion with cold water 
immediately before each meal. Six cakes of compressed yeast 
were ingested by each subject daily, two cakes per meal. 

The diets were planned to meet the energy, protein, and calcium 
requirements of the subjects. With the exception of the second 
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period, the amounts of energy, protein, and calcium supplied by the 
diet were uniform throughout the experiment (Table II). 
yeast added to the diet during the second period very slightly 
increased the intake of calcium, protein, and energy in this period. 


TABLE I. 
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Calcium Content of Foods. 
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The 


Food. Calcium. 
per cent 
TABLE II. 
Daily Food Intake. 
Subjects J. Subjects kk and L. 
| Period | Period | Period | Period 
III. Il. IV. IIL. t 
gm. gm gm. gm. + gm. gm. 
200 | 200 | 200 | 200 | 200 | 200 
250 | 250 | 250 | 200 | 200 | 200 
250 | 250 | 250 | 250 | 250 | 250 
ee 100 | 100 | 100 | 100 | 100 | 100 
10 10 10 10 10 10 


The diet for Subjects I and J furnished 2,391 calories, 82 gm. of protein, 
92 gm. of fat, and 0.395 gm. of calcium. 


added 3.9 gm. of nitrogen and 0.023 gm. of calcium. 


The diet for Subjects K and L furnished 2,075 calories, 80 gm. of pro- 
The yeast taken in Period 


tein, 70 gm. of fat, and 0.341 gm. of calcium. 
II added 3.9 gm. of nitrogen and 0.023 gm. of calcium. 


The protein was in excess of the allowance of 1 gm. per kilo of 
body weight, suggested by Sherman.! The protein of the diet 


1 Sherman, H. C., Gillette, L. H., and Osterberg, E., J. Biol. Chem., 
1920, xli, 97. 


The yeast taken in Period II 
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was fairly high (about 80 to 85 gm. per day), in order to make the 
diet more palatable and avoid use of too large quantities of 
carbohydrate and fat. The fat was kept constant, since a variable 
intake of fat might affect calcium assimilation.2 The theoretical 
calcium requirements of the subjects, estimated from Sherman’s 
figure of 0.45 gm. per 70 kilos of body weight,* ranged from 0.34 
to 0.41 gm. per day. The diets met the theoretical calcium 
TABLE III. 
Average Daily Intake and Output of Calcium. 


~ | Output. 

= | we Diet. Balance. 

2 = | £ = Feces. Urine. Total. 

gm. gm. gm. gm. 

I 160.9, I Basal. 0.395,0.384'0.131'0.515, —0.120 
| II yeast. —0.009 
| Ill —0.056 
IV “ + butter fat. —0.001 

J 64.1) Basal. 0.395 0.328/0.10210.430) —0.035 
| II “ yeast. 0.418 —0.028 
Ill 0.395/0.296'0.120.0.416 —0.021 
| IV “ 4 butter fat. +0.016 

K 153.5 Basal. —0.056 
| Il “+ yeast. +0.041 
| IV 4. butter fat. —0.060 

L 56.3 I Basal. —0,.013 
“ + yeast. +0.020 
0.3410.2800.145,0 425 —0.084 
“ + butter fat. 0.341 0.1630.191,0.354 —0.013 
j 


requirements in all cases except Subjects J and L, Periods I, IIL, 
and IV, while in these instances it was lacking in only 0.02 gm. 

_ The detailed composition of the diets used is given in Table II. 
The calcium content of the foods is given in Table I. The results 
of the urine and feces analyses will be found in Tables III, IV, and 
V. For further details as to experimental procedure consult the 
first paper of this series.* 

‘Givens, M. H., J. Brol. Chem., 1917, xxxi, 441. 


Sherman, H. C., J. Biol. Chem., 1920, xliv, 21. 
‘ Bogert, L. J., and MelWittrick, E. J., J. Biol. Chem., 1922, liv, 365. 
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DISCUSSION. 


The four subjects maintained weight and remained in apparent 
health during the experimental period. Subject K experienced 
difficulty with constipation but this condition was relieved by the 
administration of mineral oil (Nujol) during the first period. 
The division of the feces was difficult with this subject, as the 
marker appeared later than with others and persisted for several 
days. No difheulty was experienced in consuming the diet except 


TABLE IV. 
Percentages of Daily Calcium Intake Exrcreted. 


Subject. Period. | Feces. | Urine. Total. 
per cent per cent per cent 

I I 97.2 33.1 130.3 
II 68.1 34.0 102.1 

III 77.2 36.9 114.1 

lV 64.5 39.7 100.2 

J I 83.0 25.8 108.8 
Il 80.1 26.5 106.6 

Ill 74.9 30.4 105.3 

lV 64.5 31.4 95.9 

K I 43.7 116.4 
Il 41.7 47.1 88.8 

Ill SS.8 44.9 133.7 

IV 65.4 52.2 117.6 

L I 46.6 103.8 
| Il 51.8 42.7 94.5 

| III 82.1 42.5 124.6 

IV 47.8 56.0 103.8 


in Period II, when there was a feeling of discomfort and lack of 
appetite. The menstrual period of three subjects was included 
but no effect on the calcium metabolism was observed. 

The data on average dailv ecalelum exeretion and balances are 
found in Table IIT. The subjects were all somewhat in negative 
balance during Periods land III. The amounts of calcium excreted 
during both of these periods on the basal diet are not uniform for 
the same subjects, while there are also variations between the 
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different subjects during the same period. For instance, Subjects 
I, J, Kk, ang L excreted respectively 130.3, 108.8, 116.4, and 103.8 
per cent of the calcium intake during Period I; and 114.1, 105.3, 
133.7, and 124.6 per cent during Period III (see Table IV). The 
actual amounts of calcium excreted during these periods range 
from 0.354 to 0.515 gm., with an average of 0.430 gm. per day. 
Although these figures do not show as much individual variation 


TABLE V. 


Distribution of Calcium in Excreta. 


. | Feces. Urine. | 
Subject. | Period. | | 
@alelurn, 
| Weight. Calcium. Volume. | Calcium. | 
gm. | percent ce. | gm. gm 
I I 68.3 2.295 | 1.587 | 2,744 | 0.522 | 2.059 
II 63.5 1.79 | 1.140 | 2,100 | 0.567 1.707 
II | 64.2 | 1.90 | 1.220 | 2,740 | 0.586 | 1.806 
IV 44.2 2.30 1.019 3,093 | 0.565 1.584 
J I | 53.6; 2.45 | 1.313 | 2,418 | 0.406 | 1.719 
II 80.3 1.67 | 1.341 2,280 0.443 1.784 
III 54.9 2.15 1.183 2,294 | 0.479 1.662 
IV 48.6 2.09 | 1.018 2,585 | 0.497 1.515 
| | 
Kk I 74.8 1.33 | 0.991 | 4,017 | 0.597 | 1.588 
II 59.7 1.02 0.606 | 3,053 0.689 1.295 
Ill 72.3 1.67 1.210 | 4,435 | 0.612 1.822 
IV 43.5 2.06 0.894 4,170 | 0.711 1.605 
34.5; 2.26 | 0.780 | 2,185 | 0.635 | 1.415 
| II 47.2 | 1.60 0.758 2,980 0.625 1.383 
meee $1.0 | 1.39 ; 1.122 | 2,195 | 0.578 1.700 
| IV 45.8 | 1.43 | 0.653 | 2,225 0.762 1.415 
| 


as is often found, it has seemed best, in drawing conclusions 
concerning the effects of the yeast and butter fat in Periods II 
and IV, to compare the calcium excretion and balance of each 
subject with the corresponding figures in the basal period immedi- 
ately preceding. Differences between the balances of Periods I 
and III in the same subject might be explained by the influence of 
previous diet or after effects of the yeast taken in Period II. 
Subject J showed a gradual lowering of the per cent of calcium 
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excreted during Periods I, II, and III, which might indicate that 
this subject was slow in adjusting to the low calcium intake. 

On the examination of the distribution of calcium in the feces 
and urine (see Table V), it may be observed that the amounts 
excreted in the urine were fairly constant foreach individual, while 
variations in total calcium output are to be ascribed to variations 
in the fecal exeretion. There is, however, quite an appreciable 
amount of calcium in the urine, ranging from 24 to 54 per cent of 
the total output. This is contrary to what might be expected 
from statements of various investigators. The proportion in the 
urine seems larger in Subjects K and L. With Subject K this 
high urinary calcium runs parallel with a large volume of urine. 

It has been noted that the calcium balances during these two 
basal periods were negative, although the amounts of calcium 
furnished by the diet were practically adequate to meet the theoreti- 
eal requirements. Either the calcium requirement of these 
subjects must have been higher than the average theoretical 
requirement given by Sherman, or else poor utilization of the ecal- 
cium resulted from some undetermined factor. This factor is 
presumably the lack of vitamine in the diet, since the same 
subjects were able to maintain equilibrium or a positive balance 
later on the addition of yeast or butter fat to the diet. 

During Period Il, when yeast was added to the diet, considerable 
discomfort was experienced. The bulk of feces was increased and 
they presented a frothy appearance, due to the generation of large 
amounts of gas in the alimentary tract. This change in the physi- 
eal character of the feces might have influenced absorption. The 
breaking up of the feces by bubbles of gas, with the probability 
of greater surface exposed, might have favored absorption. On the 
other hand, due to the increased bulk of the intestinal contents, 
the number of movements was increased, thus creating conditions 
less favorable to absorption. There is, however, no evidence in 
the data to support the assumption that poor absorption occurred, 
since the dry weight of the feces was not consistently increased 
(see Table V), and the calcium excretion was decidedly decreased 
in this period (Table III). On examination of the distribution 


of the calcium output (see Table V), it may be observed that the . 


urinary calcium was not changed materially with Subjects I, J,and 
L, while with Subject K it was increased. The decrease in total 
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ealclum excretion is due, therefore, to a lowered fecal output, 
which is brought about by a decrease in weight or in per cent of 
calcium present in the feces. Comparison of the per cent of the 
ealcium intake excreted (Table IV) and of the calcium balances 
(Table III) in Period I with those in Period II gives a picture of 
the effect of the veast upon calcium retention. There is a notice- 
able lowering in the per cent of calcium intake excreted during 
Period II in all but one case. This decrease amounted to 28, 28, 
and 9 per cent for Subjects I, K, and L respectively, but Subject 
J showed a decrease of only 2 per cent. The yeast seemed to have 
little or no effect upon calcium excretion in Subject J, as there 
was but a slight lowering of the negative balance, which continued 
in Period III. Subject I showed a decided decrease in negative 
balance, while Subjects K and L showed change from a negative 
toa positive balance. Hence the lowered calcium exeretion cannot 
be accounted for by the small amounts of calcium contained in the 
yeast, but must be due to the influence of some other substance or 
substances added in the yeast. It is interesting to note that there 
was an increase in fecal calcium output and a return to distinctly 
negative balance in Period III after withdrawal of the yeast from 
the diet. 

The results obtained in Period IV, when butter fat was substi- 
tuted for fat from nut margarine, were very similar to those which 
followed the addition of yeast to the diet. With Subject I the 
percentage of calcium intake excreted was 14 per cent lower than 
that of Period III, Subject J, 9 per cent, Subject K, 16 per cent, 
and Subject L, 19 per cent (see Table IV). The calcium balance 
of Subject I was changed from negative to equilibrium, of Subject 
J from negative to positive, and of Subjects K and L to markedly 
lowered negative balances (Table III). The changes in amounts 
of calcium excreted were again due to decreased feca! output, 
brought about, in this case, through a decided drop in weight of 
feces (Table V). This may indicate a better coefficient of digesti- 
bility for several constituents of the diet. Instead of showing a 
lowering of the per cent of calcium in the feces, as in Period II, 
the percentage of calcium was increased in every case but one. 
The urinary calcium of Subjects I and J remained practically 
constant, but that of Subjects K and L was materially raised. 
It is very apparent that there is some factor added with the butter 
fat, which has been favorable to calcium retention. 
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There seems to be but little difference between the favorable 
influence of yeast upon ealcium retention and that of butter fat, 
when average daily calcium balances for Periods II and IV are 
compared with those for Periods I and III. The average daily 


balances of the four subjects follow: rs 
mG. 


When the balances of only three subjects are considered, since diffi- 
culty in marking off the feces into periods may make the results 
obtained with Subject K less reliable, the results appear as follows: 


Ca 
ma. 


When four subjects are considered the yeast seems to have been 
very slightly more efficient in promoting calcium retention than the 
butter fat, but when considering only three subjects, there is 
practically no difference. It seems surprising that the addition 
of small amounts of yeast and butter fat to the diet should show 
such pronounced effects upon ealcium assimilation when the 
experimental periods were limited to 4 days. 


CONCLUSIONS. 


1. The addition of yeast to a basal diet, practically free from 
vitamines, led to lowered excretion of calcium tn normal women. 
This was shown in three of the four subjects, by the excretion of a 
smaller percentage of the calcium intake, by a diminished percentage 
of calcium in the feces, and by decided changes in calcium balance. 
The negative balance was changed to positive in two cases, while 
the third subject was brought practically into equilibrium in this 
period. The ingestion of yeast had little effect upon the calcium 
excretion of the fourth subject. 

2. The substitution of an equal weight of purified butter fat for 
purified fat from nut margarine in the “vitamine-free”’ diet also 
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resulted in decreased calcium elimination. Allfour subjects exereted 
a smaller percentage of the calcium intake during this period, and 
showed a marked lowering of the negative calcium balances in 
two eases, a Change from negative to positive balanee in a 
third, and to equilibrium in a fourth case. The decreased feeal 
output was brought about by a diminished weight of feces rather 
than by a lowering of the percentage of calcium in the feces. 

3. The above facts might indicate either an improved absorption 
or a decreased elimination of calcium through the intestinal wall 
during the periods when yeast or butter fat was taken, and they 
suggest some influence of the vitamine content of the diet upon calcium 
assimilation. 
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ANTIKETOGENESIS. 


IV. THE KETOGENIC-ANTIKETOGENIC BALANCE IN MAN AND ITS 
SIGNIFICANCE IN DIABETES.* 


By PHILIP A. SHAFFER. 


(From the Laboratory of Biological Chemistry, Washington University School 
of Medicine, St. Louis.) 


(Received for publication, August 10, 1922. 


The first paper in this series (1) describes how, in a search for 
an explanation of the manner by which the metabolism of ecarbo- 
hydrate prevents the appearance of the ‘‘acetone bodies,’’ it 
was discovered that when glucose is oxidized by hydrogen perox- 
ide in alkaline solution, acetoacetie acid, if present, is also oxi- 
dized quite rapidly, whereas in the absence of glucose, acetoacetic 
acid under otherwise the same conditions is rather resistant to 
oxidation. An oxidation product of glucose combines with aceto- 
acetie acid and the compound is further oxidized. This “‘ketolv- 
tic’ behavior of glucose in vitro is evidently analogous to the ‘‘an- 
tiketogenic’’ property of carbohydrate in preventing or abolishing 
ketonuria in the human subject. The reaction has since been 
studied in greater detail and will be reported on in forthcoming 
papers. 

In a second paper (2) the hypothesis was developed that anti- 
ketogenesis In the human subject is based upon a similar ketoly- 
tic reaction in the body between acetoacetie acid, the first formed 
of the ‘‘acetone bodies,”’ and a derivative of glucose (or of other 
antiketogenic substances), the compound being further oxidized: 
but that failing to react with ketolytic substance acetoacetie acid 
is resistant to oxidation, accumulates, and (after conversion in 
part into acetone and hydroxyvbutyrie acid) is excreted. <Ac- 


* The subject matter of this paper formed the basis of a communication 
before the American Society of Biological Chemists in December, 1921. 
The methods of calculations then used have been slightly modified and 
some data have been added, but the conclusions are the same. 
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cording to this idea, abnormal amounts of acetone bodies would 
appear among the metabolic products only when the rate of keto- 
genic catabolism exceeds the rate of antiketogenic (ketolvtic) 
eatabolism. 

The testing of this hypothesis required the evaluation in common 
terms of all of the respective ketogeniec and antiketogenie in- 
fluences of protein, fat. and carbohydrate, which substances and 
their products, In very variable quantities, together make up the 
“metabolic mixture.’” The values assigned to these several 
factors were calculated from theoretical data on the assumptions 
that each molecule of fatty acid and of the ketogenie amino- 
acids 1s the precursor of 1 molecule of acetoacetic acid: that 2 
molecules of glycerol (of fat) are converted into 1 of glucose; 
that the protein amino-acids are converted into glucose to the 
extent of 3.6 gm. for each gram of (urine) nitrogen; and that ecarbo- 
hydrate, including the glucose from glycerol and protein, exerts 
its ketolytie action in the form of the six carbon molecule of glucose. 

On the basis of these assumptions the data from various sub- 
jects were analyzed for the purpose of determining what ratio of 
ketogenic molecules to antiketogenie molecules (as glucose) exists 
in the metabolic mixture when small but distinctly abnormal 
amounts of the acetone bodies first make their appearance, that 
is, the border-line of ketosis. The results of such calculations 
appeared to show that the ratio in all of the subjects was approxi- 
mately 1:1 (the ketogenic factors being calculated as gram mols 
of acetoacetie acid and the antiketogenie factors as gram mole- 
cules of glucose). The same conclusion was also reached from a 
study (3) of the ketogenic ratio by means of respiratory quotients; 
and Woodyatt (4) has found that such a conclusion is in accord 
with his clinieal experience. Hubbard and Wright (5) have 
reported experiments on the same topic, and their data are quite 
in harmony with the same general conclusion. 

The fact that with a considerable number of different subjects, 
worked upon by different observers, one finds at the threshold 
of ketosis an approximately constant ratio between the number of 
molecules of the precursors of acetoacetic acid and of glucose in 
the metabolic mixture, must mean that the further oxidation of 
acetoacetic acid constantly taking place under normal conditions 
is accomplished through a chemical reaction with a derivative 
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of glucose, and presumably this reaction is more or less similar 
to, if not the same as, the zn vitro ketolytic reaction. 

If this is the case and if one can évaluate the various factors in 
the ketolytie reaction with sufficient accuracy it should be possible 
to draw up a ketogenic-antiketogenic balance for any given subject 
and from the excess of ketogenie molecules, predict the amount of 
acetoacetice acid (total ‘‘acetone bodies’’) which would be excreted. 
The ability thus to predict the effeet of any ketogenic balance would 
be of great scientific interest in connection with the intermediary 
metabolism of the three foodstuffs, and besides would have a 
very considerable practical value as the basis for the dietetic 
treatment of diabetes and obesity. In diabetes especially, such 
information would permit a rational formulation of diets to 
accomplish the essential aims, (a) to spare the carbohydrate toler- 
ance from overstrain and (b) to avoid by safe margin ketosis and 
its consequences, while maintaining the plane of nutrition as high 
as permissible. The diabetie dietary has indeed already been 
considered from the point of view of the ketogenie balance (4 
to 8) and a development along these lines appears full of promise. 

The evaluation of the factors of the ketogenie balance is ob- 
viously a complex and difficult problem, not only because of the 
uncertainty as to the ketogenic versus antiketogenic equivalence 
of fat, proteins, and carbohydrate, but also for the reason that any 
chemical reaction taking place in such a many phase system as, 
the animal body doubtless proceeds under different conditions in 
different tissues or cells and at different times and is influenced 
by many unknown factors. Furthermore, the caleulation of an 
approximately correct ketogenic balance sheet requires an accurate 
knowledge of how much protein, sugar, and fat are being catab- 
olized and this information is in nearly all cases uncertain,— 
especially uncertain regarding fat. And since all of the various 
errors In the determinations and assumptions underlying the cal- 
culation of the ketogenie balance are accumulated in the end- 
result, the ‘“tbalanee,” it can scarcely be expected that we may 


immediately arrive at even an approximate estimate of the 
quantities involved in the ketogenic balance. The attempts to 
calculate a “balance” or absolute excess of ketogenie or antiketo- 
genic factors puts the hypothesis to a very severe test, so severe 
that perhaps uniform suecess would not be expected. Neverthe- 
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less, the data to be presented indicate that an approach to this 
complex problem is possible and that by justifiable assumptions, 
based upon the general hypothesis as to the ketolytie reaction, 
one may explain in many eases not only the threshold of ketosis, 
but also the amounts of total acetone bodies excreted by different 
human subjects with marked ketosis. The hypothesis thus ap- 
pears to gain strong support, and may be applied with some con- 
fidence to certain fundamental problems in the metabolism of 
diabetes. 

In a former paper (2) it was pointed out (pp. 466 and 471) 
that although a molecular ratio of about 1:1 appears to exist at 
the threshold of ketosis, the amount of acetone bodies actually 
excreted by subjects with marked ketosis is much less than cor- 
responds to the ealeulated excess of ketogenic over total glucose 
molecules; and it was there suggested that this faet indicates 
error in some of the assumptions or some of the faetors in the 
ealeulation. An example will illustrate the diserepaney. Bene- 
dict’s fasting subject “L”’ (9) on the 14th dav of fast, eatabolized 
protein corresponding to 10.43 gm. of urine nitrogen and 117 
gm. of body fat, but oxidized no earbohydrate. Sueh a meta- 
bolic mixture would represent, according to the first method of 
ealculation (2, p. 457) the following: 


| | Antiketogenic. 
104 (10.48 X 10) | 208 (10.43 x 20) 
117 gm. 401 (117 X 3.43) 67 (117 X 0.57) 
505—275 = 230 excess ketogenic millimols & 0.104 = 24 gm. total 


hydroxybutyric acid expected. 


The actual excretion was not more than about 7 gm. of total 
hydroxybutyriec acid, or about 17 gm. less than ealeulated. Such 
discrepancies appear to be regularly found with marked ketosis, 
and probably indicate one of the following possibilities: (a) 
Some of the accumulating acetoaectic or hydroxybutyric acids are 
oxidized without reaction with the ketolytie substances; (0) 
the estimates of the amounts of acetoacetie acid derivable from 
fat and protein are too high; (c) glucose, or other ketolytie sub- 
stances derived from protein and glycerol of fat have greater 
antiketogenie influence than the values assigned. 
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Of these three possibilities, the first, the oxidation of keto- or 
hydroxy-acid without ketolytie reaction cannot be decided at 
present, and may perhaps be held in reserve as a sort of last re- 
sort in ease the facts cannot be otherwise interpreted. To admit 
at the outset such a variable would greatly complicate the cal- 
culations needed to test the other two possibilities, and for the 
present it is tentatively assumed that no such direct oxidation 
takes place. 

Since for reasons already given (2, p. 467), it seemed unlikely 
that the values adopted for the ketogenie factors were very 
greatly in error, it appeared necessary first to question the values 
for the antiketogeniec factors. Antiketogenie substances are 
derived from certain of the amino-acids, and probably from 
glycerol of fat as well as from carbohydrate. Whether the ac- 
tive ketolvtie substances from all three sources are different, or 
are the same cannot be definitely settled at present, but our 
original assumption seems the more probable. Hubbard and 
Wright (5) interpret their data in support of this assumption. The 
fact that the blood of fasting normal subjects continues to contain 
the usual amount of sugar, indicates its continued formation from 
substances other than carbohydrate, in normal (as well as diabetic) 
individuals, and supports the idea that glucose is a normal in- 
termediate in protein (and glycerol?) metabolism. 

We shall, therefore, suppose that the antiketogenic action of 
protein and of fat is represented by the amounts of glucose to which 
they may give rise, and consider the maximum ketolytie effect 
of glucose. 

The first possibility that suggested itself was that 1 molecule 
of glucose (or more strictly its active ketolytie derivative) may 
react with 2 instead of with 1 molecule of acetoacetie acid. This 
idea seems very probable from the fact that further work on the 
in vitro ketolytic reaction shows that under proper conditions 
1 molecule of glucose accomplishes the disappearance of 2 mole- 
cules of keto-acid, when the latter is present in excess. Other 
related substances, such as other hexoses, glycol aldehyde and 
glyoxal, behave similarly, with the latter no oxidation being neces- 
sary. A detailed account of the zn vitro reaction will be presented 
in later papers and need not be entered upon here except to state 
that the evidence points to a reaction between 1 molecule of a 
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glueose derivative (probably glucosone), and 2 of acetoacetie acid. 
If 1 molecule of glucose (or its derivative) reacts with 2 of keto- 
acid, the effect would be to double the values assigned the anti- 
ketogenic factors in our calculations. 

When this modification is tried on various data, the discrepancy 
is usually much less, but it leads to the expectation of considerably 
less acetone bodies than the amounts actually excreted. Using the 
data of Subject “L”’ above mentioned as an example, the antiketo- 
genic sum would be 275 XK 2 = 550 antiketogenic equivalents 
and would exceed by 45 the sum of ketogenic millimols, and if the 
reaction in the body as a whole were strictly quantitative, no 
ketosis would be expected. 

Of course such a reaction cannot be strictly quantitative in the 
body as a whole, but with marked ketosis it may approach a 
quantitative relationship. When the metabolic mixture is such 
that a large excess of keto-acid molecules is formed compared 
with the total glucose being burned, one may imagine that prac- 
tically every glucose molecule encounters keto-acid, with conse- 
quent approach to complete utilization of all available antiketo- 
genic substanee. The best that ean be done is to choose subjects 
with marked ketosis, and tentatively assuming that the ketolvtie 
reaction in the body as a whole is approximately quantitative under 
such conditions, determine by trial what values for the ketogenie 
and antiketogenie effects of protein and fat best correspond 
with the amounts of total acetone bodies actually excreted. 

Since we feel confident from the 7n vitro work that the ketolytie 
reaction ratio is 1 of glucose to 2 of keto-acid, we interpret the 
discrepaney in the ealculated ‘‘balance”’ (above illustrated) to 
mean either that the amount of keto-acid derived from protein 
is larger than indicated by the analvses of leucine, tyrosine, and 
phenylalanine, or that the amount of glucose derived from pro- 
tein and glycerol is less than the values used in the caleulations. 

The latter alternative first seemed the more likely for the follow- 
ing reason. The value adopted in earlier papers for the glucose 
equivalent of protein was based upon the maximum D:N ratio 
of 3.6:1, which appears to have been established by the work of 
Lusk and others. At the time of writing the earlier papers, the 
fact was overlooked that sinee this ratio actually is an expression 
of the relative amounts of urinary nitrogen and glucose, and since 
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it is assumed that all glucose formed in the body is excreted when 
the D:N ratio is 3.65:1, one is hardly justified in accepting that 
ratio as indicating the amount of glucose derivable from protein, 
and assuming an additional derivation from glycerol. For if the 
latter assumption is correct, some portion of the glucose excreted 
by the “total” diabetic or the completely phlorhizinized animal 
must have come from glycerol, and the D:N ratio would there- 
fore be greater than actually represents the maximum deriva- 
tion from protein. The assumption as to glycerol thus seemed 
inconsistent with the value adopted for the antiketogenie frac- 
tion of protein. Based on this reasoning, I adopted a lower value 
for the glucose equivalent of protein, corresponding to a D:N 


TABLE I, 


Ketogenic-Antiketogenic Influence of Foods. 


Basis of calculations presented to American Society of Biological Chemists, 
and since slightly revised. ° 


Per gram. Per calorie. 
| 
| | | | 
| Excess. Excess. 
- —Anti- - Anti- 

Calo-  Keto- Keto-| 
| Ties. | Bene. | venic. | Keto-| me-| genic. | Keto- 
| genic. 


genic. 
| Benie- | genic. | genic. 


millr- milli- milli- | mitli- milli- | milli-| milli= | milli-| milli- 
_ mols mols | mols | mols | mols | mals mols mols | mols 


9.46] 3.43, 1.14) 2.29] (0.363 0.1205 0.242 
Protein, lgm.N .....26.5 11.7 33.0) 0.442.1.245 0.803 
Carbohydrate glucose. 3.760 11.12) (11.12) 2.96 


ratio of 3:1, (1 gm. of urme N X 16.5 = millimols glucose from 
protein). Using this value instead of N X 20, the value used in 
earlier papers and multiplying the total mols of glucose by 2 
to give its antiketogenic equivalents, I analyzed data from a 
number of subjects with rather striking agreement between the 
calculated and actual hydroxybutyrie acid (total exeretion). 
These results and certain deductions from them were presented 
before the American Society of Biological Chemists in Decemben, 
1921 (10). The factors used in those calculations are given in 
Table I. These values very often work surprisingly well, but since 
they were later modified it is hardly worth while to print the tables 
of calculations. 


& 


406 Antiketogenesis. IV 


Later analyses of other data have made me doubt the wisdom 
of reducing the estimate of the glucose equivalent of protein, and 
point rather to the conclusion that the first estimate of the keto- 
genic value of protein is too low. The reasons for this doubt are 
briefly as follows. Well authenticated results from a very few 
notably severe cases of diabetes show on occasional periods an 
excretion of glucose definitely greater than corresponds to a D:N 
ratio of 3.6 and which can be accounted for best by assuming the 
formation of about 3.6 gm. from protein for each gram of nitro- 
gen and the conversion of glycerol into glucose. The results for 
the Du Bois and Lusk ease “‘Cyril K’”’ (11) on December 15 to 
17 are a good example; 57 gm. of glucose were excreted during 3 
days over and above the amount calculated from a maximum 
D:N of 3.65. The explanation seems justifiable that the surplus 
glucose was formed from the glycerol of fat burned. If such be 
accepted for a single case, it would seem necessary to assume as 
great-a derivation of glucose from protein and glycerol by other 
subjects who, however, burn all or some portion of it. But if 
glucose is formed to this extent, the estimate of the hetoaenic 
value of protein must be 7ncreased, because the result of the metab- 
olism of protein is, in many subjects at any rate, the excretion of 
more hydroxybutyric acid than would otherwise be expected 
from the ealeulated “balanee.’”? Since the analyses of muscle 
protein for the ketogeniec amino-acids probably represent mini- 
mum values, a higher ketogenic value than that calculated would 
not be surprising. 

After many trials on the data of many subjects, I have, therefore 
arbitrarily increased the protein ketogenic factor by 50 per cent. 
The justification for the change is that calculations show better 
agreement. 

The factors for the calculation of the ketogenic balance, modified 
as explained above, may be summarized as follows. In this form 
there are only two changes from the factors used in the earlier 
papers; an increase in the ketogenie value of protein, and the multi- 
plication of the total mols of glucose by 2 to give the ‘‘total anti- 
ketogenic equivalents.”’ 
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Ketogenic Equivalent as Millimols Acetoacetic Acid. 


Protein (a) gm. urine N X 15 
3 1,000 
Fat (b) gm. fat burned X S74 = gm. fat * 3.43 
od 
or, since 1 gm. fat = 9.46 Cal., 
1 
Calories of fat burned X —— X 3.43 = fat Cal. x 0.363 
9.46Cal. 


Glucose Equivalents in Millimols. 


1.000 
Carbohydrate (©) gm. glucose X 150 = gm. glucose < 5.56 


3.06 1,000 


Protein (7?) gm. urine N X 180 = urine N X 20 
1X 1.000 
Fat (e) gm. fat |} 1x = gm. fat * 0.57 
€) gm. fat burnec g 
1 1,000 
or Calories of fat burned X iz — = Cal. of fat * 0.06 ’ 


2 X& 9.46 


Ket big’? Total ketogenie mols ath 
Yotal mols glucose c+td+te 


“hetogenic balance’ = Total ketogenic mols — (2 X* total glucose mols) 
Testing the Ketogenic-Antiketogenic Factors. 


We may now see how the factors developed above work out when 
applied to data from various subjects with severe ketosis. With 
the exception of one case of diabetes, all of the data are taken 
from the work of others already published. <A large part of the 
suitable data which I have found in the literature is included, 
and Ihave not excluded data which show poor agreement with the 
calculations. 

For the ecaleulation of the ketogenic balance it is necessary to 
know the amounts of the three foodstuffs metabolized, and to 
be able to assume that the proportions remained approximately 
constant during the period. On the latter point one can have no 
assurance. The protein metabolized is reckoned from the urinary 
nitrogen. Food carbohydrate, if not excreted as glucose, is sup- 
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posed to be burned; in the eases with severe ketosis to be discussed, 
fasting and diabetics, very little glucose (except from protein and 
glycerol) could have been burned? and the assumption is approxi- 
mately correct. The only way to determine the amount of fat 
burned is by ealeulation from the total metabolism, and this is 
one of the chief errors and difficulties. Few if any subjects with 
marked ketosis, and with determinations of the total acetone, 
have been studied for whole days or long periods in a respiration 
apparatus. Many data are available which include determina- 
tions of resting metabolism for short periods, but considerable 
additions must be added to cover muscular activity and other in- 
creases of metabolism throughout the day, and the amount of 
these additions is searcely better than a guess. Until suitable 
subjects are studied continuously in a calorimeter, all one ean do 
is to estimate the total calories of metabolism. From this doubt- 
ful estimate the fat burned may be calculated by subtracting the 
protein calories (urine N X 26.5) and carbohydrate if any (glu- 
cose X 3.76), and dividing the remainder by 9.4 Cal. 

In most of the cases to be analyzed the data regarding total 
metabolism, and therefore of fat burned, are admittedly question- 
able, and to any who are inclined to doubt their value on this ae- 
count, it can only be said that they represent the best now available 


Fasting Subjects. 


Subject “L” during 31 Day Fast (Ff. G. Benedict, 9)—The data 
from this well known experiment are among those most suitable 
for our calculation, and have been used on earlier pages. For each 
of the 31 days of the fast, Benedict records the probable total 
energy exchange for 24 hours. The respiratory quotients on the 
4th day indicate that only 4.3 gm. of glycogen were oxidized, 
and we have assumed that beginning with the 5th day no earbo- 
hydrate (other than that derived from protein and fat) was burned. 
From the 5th day on, the total energy was thus derived from fat 
and protein, and the total calories minus the protein calories 
(urine N X 26.5) equals the fat calories. The ketogenie balance 
is calculated by multiplying the corresponding amounts of protein 
(nitrogen) and of fat (or ealories from fat) by the respective fac- 
tors given on page 407. The excess of ketogenic over antiketogenic 
equivalents multiplied by 0.104 (104 being the molecular weight 
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of hvdroxybutyrie acid), gives the expected total hydroxybutyrie 
acid in grams. Unfortunately for our purpose, the acetone and 
acetoacetic acid excretion was not determined and Benedict re- 
cords only the urinary hydroxybutyrie acid; the total acetone 
bodies, however, include not only acetone and acetoacetie acid 
of urine but acetone exhaled, and this total we have estimated at 
about 50 per cent greater than the amount of the recorded hy- 
droxybutyric acid. While such an estimate is admittedly a rough 
approximation, the total is not large and the error cannot be very 
serious. 

The details are givenin Table II. It will be noted that although 
there are fluctuations in the degree of agreement between expected 
and excreted total hydroxybutyric acid from day to day (Columns 
13 and 14) the uniform similarity of the figures is striking. The 
totals for 27 days are 133 gm. expected and 162 gm. excreted, an 
agreement which is close enough to indicate that the basis of 
calculation is at least approximately correct. 

Fasting Obese Woman ‘‘Mrs. Mck”’ of Means (12) and Folin and 
Denis (13).—This subject underwent three fasts of 4 and 5 days 
each, separated by an interval of several days with food. Toward 
the close of each fast she excreted from 17 to 24 gm. of total hy- 
. droxybutyrie acid. The resting metabolism was determined by 
Means from which the total energy exchange may be roughly 
estimated by adding 10 per cent to allow for the increased metab- 
olism resulting from muscular activity. This addition is ad- 
mittedly subject to considerable error, but is approximately the 
estimate by Du Bois to cover the extra metabolism from muscular 
activity of a hospital patient, and is perhaps as close as it is possible 
to estimate the daily energy exchange of such subjects without 
continuous determinations. 

To the energy exchange it is theoretically necessary to add the 
calorie value of the material excreted unburned, in this case the 
acetone bodies, since they were derived from fat and _ protein 
catabolized, even though incompletely. The sum of these quanti- 
ties then represents the calorie value of the total material catab- 
olized, which is assumed to consist in this ease of fat and protein. 
And the total calories minus the eslories from protein equals the 
calorie equivalent of the fat burned. 
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TABLE II. 


| | Glucose | Total 

® | ao | an} a2); as) | ap 
| | | | gm. | yim, 

5 |1,60910.411,269, 460 | 156 616 | 76 | 208 | 284 | 56S) 48 | 5.0 3.2 
6 1,537 10.18 1,267, 460 | 152 612) 76 203 | 279 | 558) 54 | 5.6) 5.2 
7 |1,540| 9.79/1,280 465 | 148 | 613 | 77 | 196 | 273 | 546] 67 | 7.0) 4.2 
s 447 | 154 col | 74 | 205 | 279 | 558) 43 | 4.5 2.4 
Q |1,481110.74/1, 196) 434 | 161 | 595 | 72 | 215 | 287 | 574) 21 | 2.2) 5.2 
10 |1,426/10.05/1, 160) 421 | 151 | 572. | 70 | 201 | 271 | 542) 30 | 3.1) 5.2 
11 |1,385)10.25)1, 113, 404 154 | 558 | 67 | 205 | 272 | 544) 14 | 1.4) 2.1 
141) 414 152 566 | 6S | 202 | 270 | 540) 26 2.7 3.6 
13 /1,34910.351,075, 391 155 546 65 | 207 272 | 544) 4 | 0.4, 6.3 
14 1,39410.431, 406 157 | 563 | 67 208 | 275 | 550 13 1.4 7.0 
15 1, 331 $.46 1,107 402 | 127 | 529) 66 169 | 235 | 470 59 | 6.1) 2.4 
16/1, 319 9.58 1,065) 387 | 144 | 531 | 64 | 191 | 255 | 510 21 2.2 7.8 
17/1, 300) S.S11, OGG) 387 | 132 519 | G4 | 176 | 240 | 480) 39 | 4 0 5.4 
1,257) 8.271, 038) 377 | 124 | SOL | 62 165 | 227 | AT 4.9, 6.6 
19 1,261, 8.371,039, 377 125 | 502 62 | 167 | 229 | 458; 44 | 4.6)10.5 
20 1,252, 7.691048! 380 | 115 495 | 63 | 154 | 217 | 434) 61 6.3) 6.6 


23 1,280, 
24 11,254! 8. 
25 1,251) 7 
26 H, 246) 7 
27 125: 5 8 
2S 1, 289) 7 
29 |1, 2471 7 
30 1,239 7 
31 


‘ 
‘ = 
21 |1,276| 7. 


22 7.7 
7 


31 1, 036) 


93, i, O66. 387 
5 1, 030. 374 
376 


1. 038 377 
811, O44 379 
S81, 037) BYE 
07) 1, 041 


62.1, OST 399 
541,047 380 
031 374 
1, 231 6. 941, 097 298 


119 | 506 


116 490 


110 | 486 
122 499 


117 | 496 


11S | 494 
121 | 499 
1i4 | 509 


62 | 156 | 218 
G6 | 1389 | 205 


64 | 158 | 222 | 444! 62 | 6.4! 7.5 

62 | 155 | 217 | 4341 56 | 5 

63 146 | 209 | 418, 6S | 7.1, 9.0 
5 


62) 163 | 225 | 450 49 5.110.0 
63/156 | 219 | 488 58 6.0 6.6 
62 | 157 | 219 | 438) 56 5.8) 9.2 
63 | 224 | 448) 51 | 5.3) 6.0 
65 | 152 | 217 | 434) 75 | 7.8 7.4 
63 | 151 | 214 | 428, 65 | 6.8 


As an example of the calculation, on the 4th day 


of the first 


fast the ealorie value of total material metabolized was: 


110 per cent X 260 ec. O» per min. X 1,440 min. x\ 
4.67 Cal. per liter O2 


24.6 gm. 


total hydroxybutyrie 


= 
acid X 4.69 Cal. = 


Cal. 


115 Cal. 


2.039 Cal. 
2,039 — (9.4 gm. N X 26.5) = 1,790 Cal. from fat. 


1 113 | 493 | 
117 491 | 436,55 5.7 8.1 
| 104 | 502 | 410 92 | 9.6 6.7 
| 
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Ketogenic Balance. 


Ketogenic. Glucose. 


| 
millim: As | m illi mols 
9.4 gm. N.. 141 (9.4 15) (9.4 & 20) 
1,790 Cal. from fat........... 649 (1,790 X 0.363) | 107 (1,790 X 0.06) 
790 | 205 


790— (2 & 295) = 200 excess ketogenic millimols. 


104 
200 oa" 20.S gm. total hyvdroxybutyric acid expected. 


There were actually excreted on this day the equivalent of 
24.6 gm. of total hydroxybutyrie acid. The details of the same 
calculation for the last 2 days of each fast are given in Table ITI, 
from which it appears that the calculated expectation (Column 
16) on the last day of each fast at least approximates the amount 
excreted (Column 17). On the 4th day of the second fast and 
the 3rd day of the third fast much less was excreted than expected 
and this is interpreted to mean that on these days the subject 
was still using some glycogen. It is not unlikely that glycogen 
was burned also on the last days of the second and third fasts, 
and that better agreement might have resulted if the fasts had 
been prolonged. The ‘‘adaptation”’ to repeated fasts illustrated 
by this patient, and pointed out by Folin and Denis probably is 
to be explained by the longer retention of stored glycogen, and is 
an important phenomenon requiring further investigation. The 
greater ketosis of this subject is evidently due to the relatively 
smaller catabolism of protein, about 7 per cent of the total cal- 
ories compared to about 18 per cent in the case of Subject “L”’ 
above. 

Grafe’s Fasting Subject “ M.K.”’ (14) —A woman of 27 years, 
weight 52 kilos fasted about 3 weeks in a catatonie stupor. During 
the latter part of the period, the subject was placed in a respira- 
tion chamber for many hours daily, and the total metabolism 
and respiratory quotients carefully determined. From these data, 
Grafe caleulated the total energy exchange for 24 hours. A num- 
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ber of urine analyses were also made, including total nitrogen, 
acetone + acetoacetie acid, and hydroxybutyrie acid, the latter 
by Magnus-Levy’s extraction method. The data given by Grafe 
are thus almost ideal for our calculation of the ketogenic balance. 
For the purpose I have taken Grafe’s own figures for the calories 
from fat, and these with the urine total nitrogen, multiplied by 
the factors stated above (used for all calculations in the present 
paper) give the data for the ketogenic balance on 5 days, the 15th 
to 19th of the fast, presented in Table IV. In the last column 
(Column 15) of the table are found the total amounts of acetone 
bodies exereted, expressed as grams of hydroxybutyrie acid, and 
in the preeeding column (Column 14) the amount expected from 
the caleulated “balanee.” The agreement is astonishingly qood, 
the total ealeulated for the 5 days being 88 gm. and the amount 
excreted (exclusive of acetone exhaled) is 72 gm. 

Bonniger and Mohr’s Fasting Subject Schenk (15).—‘Hunger- 
kiinstlerin,’” 48 years old, 152 em. height, and 54.41 kilos weight 
(on 2nd day of fast), in bed exeept for short periods. Data are 
recorded on the total hydroxybutyrie acid (including acetone 
exhaled) and the total nitrogen excretion. The metabolism was 
determined and publication of the results by Mohr is promised 
but has not been found in the literature. 

In the absence of better information, we have estimated the 
metabolism and calculated the ketogenie balanee during 4 days, 
the 5th to 8th day of fast. The average weight during this period 
was 51.6 kilos, which according to the Du Bois height-weight chart 
gives a surface area of 1.46 sq. m., and 1.46 & 36.9 eal. K 24 
hrs. = 1,293 eal. per day, normal basal for a woman of the same 
size. Add 10 per cent to cover movements in bed, and assume 
that the decrease in metabolism as a result of fasting was propor- 
tionately the same, as found by Benedict with Subject “L” 
(average of 12 per cent less on 5th to 8th fast days than on 1 fast 


day). 
1,293 + 129 = 1,422—159 = 1,263 eal. 


The average nitrogen exeretion for the 4 days was 7.25 gm. X 26.5 = 192 
eal. from protein. 1,263—192 = 1,071 cal. from fat. 
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From these figures the ketogenic balance is as follows: 


| Ketogenic. Glucose equivalents. 


millimols millimols 


| 
Protein, 7.25 gm. N........| 109 (7.25 X 15) 145 (7.25 X 20) 
Pat, 1071 cal...............) 389 (1,071 X 0.363) | 64 (1,071 x 0.06) 


498 — (209 &K 2) = SO = 8.3 gm. hydroxybutyrie acid expected. 
Average actually excreted per day = 17.0 gm. 


The agreement is not close, but considering the uncertainty as 
to total metabolism, is moderately satisfactory. If the total 
calories were 200 or 300 higher per day, almost perfect agreement 
would result. 

Cases of Brugsch (16).—Among the data on ketosis of starva- 
tion to be found in the literature, are the observations of Brugsch 
during the last 10 days of a 30 day fast of Sueci, and on an ex- 
tremely emaciated woman with a complete esophageal stenosis. 
Sueei was found to excrete from 7 to 12 gm. of total hydroxybu- 
tvrie acid per day, while the ure of the emaciated woman contained 
no acetone bodies. Since information as to Sueci’s total metabolism 
at this time is not available, and because of the doubtful method 
used for determination of hydroxybutyrie acid, we shall not at- 
tempt the calculation of his ketogenic balance; the results of such 
ealeulation would not be exceptional. But the remarkable ab- 
sence of ketosis in the emaciated patient merits brief comment. 
Brugsch interpreted the absence of ketosis as being due to the 
fact that the body fat had been absolutely depleted, the energy 
requirement being supplied wholly from protein; and hence he 
concluded that body fat is the source of the acetone bodies. But 
it is searcely possible that even so extremely emaciated a person 
as this one, burned no fat. The woman was 56 years old, 175 
em. tall, and weighed 32 kilos. Her nitrogen excretion was 5.46 
gm. (on the day before operation), corresponding to protein whose 
maximum available energy value is 5.46 X 26.5 eal. = 145 eal. 
Her total metabolism is unknown, but was doubtless at least 20 
eal. per kilo per day or say 600 eal. Something like 450 eal. or 
7) per cent of the total must therefore have been derived from 
the small (and doubtless invisible) remainder of body fat. From 


| 
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the metabolism of such a mixture, we should expect the following 
ketogenic balance. 


| Ketogenic. Antiketogenic equivalent. 
millimols millimols 
Protein, 5.46 gm. N........ S82 (5.46 & 15) 218 (5.46 K 20 X 2) 
163 (450 0.363) 54 (450 K 0.06 2) 


Since the ketogenic millimols are less than the available anti- 
ketogenic equivalents, little or no ketosis would be expected. 
We should say, therefore, that the absence of ketosis was due to 
relatively high protein metabolism (about 24 per cent of the total) 
and that the glucose formed from protein was sufficient to supply 
the necessary ketolytie substance. 

Subjects of Wilder and Winter (7).—Very recently these authors 
have reported valuable data from sixteen different subjects all 
but three of whom excreted small amounts of total acetone and 
represent the border-line or threshold of ketosis. One of the three 
was an epileptic, Case A366687, on the 11th day of fasting and 
had sufficiently marked ketosis (about 10 gm. total hydroxybuty- 
rie acid) to justify a calculation of the ketogenie balance. The 
data given by Wilder and Winter mey be used as follows: The 
determined resting metabolism (1,335 cal. for 24 hours) increased 
by 10 per cent to allow for muscular activity,! gives 1,469 eal. 
as the estimate of the heat produced. 

To this the caloric value of the total hydroxybutyric acid ex- 
ereted is added, the sum being the estimated value of the total 


material metabolized. 


cal 
Resting metabolism (determined for short periods)......... 1,330 
Adding for muscular activity (10 per cent)................. 134 
Calorie value of 5.7 gm. total acetone X 1.8 =10.25 gm. 


1,517 cal.— (6.62 gm. urine N X 26.5) = 1,341 cal. from fat. 


1 Since the subject was fasting, the additional allowance of 10 per cent for 
food made by Wilder and Winter is omitted, 
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Ketogenic. | Antiketogenie. 
| | 
| millimols millimols 
ees | 487 (1,341 & 0.363) 161 (1,341 K 0.06 X 2) 
ES IEEE | 99 (6.62 & 15) 265 (6.62 K 20 X 2) 
104 
I:xcess = 160 ketogenic millimols 1000 16.6 gm. calculated total 


hydroxybutyrie acid; excreted 10.25 gm. 


The ketosis is thus approximately accounted for. The, other 
two cases with marked ketosis were diabeties on diet and will be 
mentioned later. 


Severe Diabetics with Marked Ketosis. 


“Cyril K” of Lusk, Du Bots, and Collaborators (11)—The 
admirably complete data from this subject are exceptionally 
valuable and permit a reasonably satisfactory analysis of the keto- 
genic factors, and were so used by the writer in a former paper (2). 
A reealculation based upon the revised ketogenic-antiketogenie 
values is presented in Table V. The same method of ealeulation 
is followed as with the preceding fasting non-diabetie subjeets. 
The total heat produced for 24 hours is taken as 110 per cent (X 
24 hours) of the determined hourly resting heat production (the 
indirect eal. per hour from Table V of the paper by Lusk and 
eoworkers). To this value is added the calories of total 
hydroxybutyrie acid and of the “extra’’? glucose? exereted, the 
sum being the calorie equivalent of the total material catab- 
dlized (some of it incompletely) during the 24 hours. This 
consisted only of protein and fat (no food CH was burned) and 
the value of the latter is, Total calories — protein calories (N Xx 
26.5) = calories of fat eatabolized. 

From these data the total ketogenie and equivalent antiketo- 
genic millimols are caleulated, and from the latter are subtracted 
the antiketogenie equivalents of the ‘extra’? glucose (from pro- 
tein or glycerol) which the subject exereted and thus failed to 
use. ‘The excess of ketogenic over the net antiketogenic milli- 


*By “extra’’ glucose is meant that derived from protein or fat and 
excreted. It is assumed to be represented by the excess of urine glucose 
over the food carbohydrate. 
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mols, multiplied by 0.104 represents the expected total hydroxy- 
butyrie acid. 

On the first 3 days of the period of calorimeter observations, 
and when the subject received a high protein, high fat diet, the 
agreement is not good, some 30 or 40 em. less being exereted than 
expected from the computation; but for the remaining 5 days the 
ealeulation approximately paralle!s the exeretion. Assuming the 
hydroxybutyrie acid analyses to be correct, [ ean offer no explana- 
tion of the discrepancy, unless it be that some was burned without 
reaction with ketolwtie substance. The later close agreement ts 
interpreted as supporting the general method of ealeulation, and 
the hypothesis upon which it is based. For the last 5 days, the 
total ealeulated hydroxybutyrie acid is 193 gm. and the amount 
excreted, 193 gm. (not including acetone exhaled, which was not 
determined). 

Case No. 740 of Joslin (17)—This ease like Subject “Cyril 
IK” discussed above, is one of a very few upon whom sufficient 
data is recorded to permit satisfactory analysis. Joslin reports 
among other data the acetone, acetoacetic acid, hydroxybutyrie 
acid, glueose, and nitrogen exeretion and the total ealories (at 
rest) for 24 hours. I have increased the latter by 10 per cent to 
allow for muscular movements and from these values the ketogenie 
balanee has been ealeulated for 9 days. The details are given in 
Table VI. The acetone body exeretion is fairly satisfactorily 
accounted for by the excess of ketogenie substance in the mixture 
burned, though the amounts expected are usualiy greater than 
actually exereted. Total caleulated for 9 days, 130 gm.; ex- 
creted 95 gm. (not including acetone exhaled). The agreement 
would be better without making the allowance of 10 per cent 
additional calories. 

A very interesting and important point shown by the data of 
this subject is that his net total carbohydrate tolerance (repre- 
sented by the net total glucose equivalents, Column 19 in Table 
VI) remained practically constant throughout the period and 
that the marked fall in the ketosis was not due to an improvement 
in “tolerance,” but solely to the decrease in total metabolism (from 
undernutrition) and in the consequent amount of ketogenie mate- 
rials in the metabolic mixture. With the fall in thetotal metabo- 
lism, the rate of ketogenie metabolism decrease to a point where 
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it no longer exceeded by a large margin the rate of production 
of ketolytie substanee (7.e., the almost stationary total glucose 
tolerance). The ‘‘balanece’’ becoming more favorable, the keto- 
sis declined. 

Mosenthal and Lewis’ Severe Diabetic E. W. (18).—A woman 
of 51 years, weight 55 kilos, height 163 em., with an ulcer of foot 
and temperature 102°F. Full data are given for urine analyses, 
including acetone + acetoacetie and hydroxybutyrie actd. The 
metabolism was not determined, and a more or less arbitrary 
estimate is necessary. In view of the fever, I have taken the 
high value of 130 per cent of the normal basal for a woman of the 
same weight and height, and have assumed that it remained con- 
stant throughout the period; both are open to considerable error 
and the results of the caleulation can therefore be only rough 
approximations. The amounts of urine glucose — food carbohy- 
drate = ‘‘extra”’ glucose, derived from protein or glycerol. 


1,800 cal. (normal basal) * 130 per cent + cal. value of ‘‘extra’’ glucose 
+ cal, value of total hydroxybutyrie acid = eal. from fat. 


The total ketogenie and glucose equivalents are ealeulated by 
multiplying by the factors (p. 407) and from the gross total glucose 
equivalents the value of the ‘‘extra”’ glucose (derived from protein 
or glycerol and exereted), is subtracted. The total ketogenic 
millimols — (net glucose equivalents X 2) = excess ketogenie milli- 
mols. The detailed data for the last 8 days, when the urine 
collection was complete, are given in Table VII. 

The agreement between the ealeulated total hydroxybutyrie 
acid and the amount excreted is very striking, total calculated for 
8 days, 510 gm.; total excreted, 634 gm. Since the estimate of 
total calories is probably high the difference perhaps indicates 
either that some of ketolytic substance (glucose) metabolized 
was ‘‘wasted” or that the factors in the calculation are not correct. 
But with so many unknown or uncertain factors, a closer agree- 
ment can scarcely be expected: and the fact that this very severe 
ketosis can be approximately explained can be interpreted only as 
confirmatory of the calculations. 

Severe Diabetic ‘Bessie B” of Wilder, Boothby, and Beeler (6).— 
The remarkably complete observations recently published by these 
workers, who have also discussed some of their data from the stand- 
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point of the ketogenic balance, would seem to be splendid material 
for testing our calculations; and possibly they are, though the 
results show poorer agreement than any previously encountered. 
I have recalculated the data on this subject, taking the averages 
for each diet period, the details being given in Table VIII. The 
calculations are made as in the other diabetie subjects. The 
total heat produced in 24 hours (Column 10) is taken at 10 per 
cent over the average of hourly determined rate (Column 9) 
and to this is added the ealorie value of the average total acetone 
(as hyvdroxybutyrie acid) and of the extra glucose (urine glucose — 
food carbohydrate). From this sum representing the gross metab- 
olism, the calories from protein (N X 26.5) and from carbo- 
hydrate (if any) are subtracted, the remainder being the calories 
from fat. From these data the ketogenie balance is calculated 
for each period. The results (Columns 23 and 24) are not satis- 
factory. showing fair agreement in only four or five out of the 
eleven periods. Although a rough parallelism is indicated, the 
error is, with one exception, that the amount of hydroxy-acid 
excreted is less than expected from the calculation. 

Assuming the analytical and dietary data to be correct, there 
are a number of possible interpretations: (a) That the factors 
used in calculating ketogenie mols are too high; or (6) that the 
estimate of total metabolism is too high (unlikely) ; or (c) that some 
keto- or hydroxy-acid was burned without the aid of ketolytie 
glucose. Which of these or other possibilities may explain 
the discrepancy it is not possible to say. In view of the better 
agreement in nearly all of the other cases, it seems preferable at 
present to leave the questions open and to expect that some sub- 
jects may occasionally exhibit such exceptional behavior. 

Severe Diabetic “Kramer.’’—This subject was a man of about 
25 years, weight 55 kilos, with very severe ketosis, studied by 
the writer over a long period in 1914 in the Washington University 
Hospital. Day and night special nurses were provided to secure 
accurate diet administration and urine collection. Quite com- 
plete data are available as to diet and urinary analyses, but the 
metabolism was not determined, and can only be guessed at. 
Table IX gives the essential details for 14 days, during the period 
of highest ketosis. During the period April 13 to 17, on a high 
protein diet, with very high ketosis the total heat produced tis 
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estimated at 120 per cent of the normal basa! for a man of the same 
size; and during the other periods, at the normal basal (1,580 
eal.). The ecaleulations of the ketogenie balance are made in 
the same way as described above. The last two columns of the 
table (Columns 20 and 21) show the calculated and exereted total 
hydroxybutyrie acid. There is a fairly close parallelism between 
the two throughout the periods. Although in the second period 
of high protein diet considerably more was excreted than expected. 
Possibly this is due to still higher metabolism at this time. But in 
view of the uncertainty as to the total metabolism, the calcula- 
tions can be accepted only as rough approximations to illustrate 
the probable composition of metabolic mixtures which produce 
very marked ketosis in diabetes. With a tolerance which allowed 
the catabolism of only about 150 millimols of total glucose (27 
gm.) in 24 hours, all fat and ketogenic amino-acids in excess of 
such equivalents failed to be oxidized past the stage of 8-ketobu- 
tvric acid. Increasing the amount of food protein had two very 
undesirable results; added more ketogenie molecules to the mixture 
in the form of amino-acids, and probably also stimulated the total 
metabolism and thus increased the number of fattv acid molecules. 
According to such a point of view the use of high protein diets 
tn diabetes should theoretically be avoided, a conclusion which is 
wholly in accord with the dietetic plan advocated by Newburgh 
and Marsh (19) and recently well emphasized by Wilder, Boothby, 


and Beeler (6). 
Non-Diabetic Subjects on Low Carbohydrate, High Protein Diets. 


Erperiments of Higgins, Peabody, and Fitz (20).—The authors 
were the subjects and took during 4 days diets very rich in pro- 
tein and fat but practically free from earbohydrate. On the 4th 
day, two of the subjects exereted 15.5 and 25.5 gm. of total hy- 
droxybutyrie acid, which promptly ceased on resuming ecarbo- 
hydrate food. The urine was analyzed and the resting metabolism 
was determined by spirometer and gas analysis at 8 a.m. (before 
breakfast), and at 4 p.m. daily. 

The resting metabolism is inadequate for estimating the total 
energy exchange of active men, and the latter value must again 
be guessed at. Dr. Higgins in a personal letter has kindly given 
me his opinion that his own energy exchange during the experi- 
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mental period wasabout 3,300 or 3,400 calories. Since the weights, 
activity, and diets of the three subjects were approximately the 
same, we may assume that the total metabolism of each was about 
the same, 3,400 calories per day. On this assumption the keto- 


genic balance of H.L.H. and F.W.P. for the 4th diet days may be 


calculated as follows. Some alcohol taken on the 4th day has been 
ignored in the calculation. 


4th Day of High Protein Diet. 


| 


<Antiketogenie | 


mols mols | mols als | mols 
3 400 22.8 6042, $00 1, O17, 3421, 359) 336, 912.1, 248, 11.5.25.6 
F.W.P. ..3,400.23.7) 628 2, 772/1,007, 3551, 362, 332 948 1,2 280 82) §.515.5 


| | | Ketogenic. == 
| ‘glucose X 2). 
== 
| = = & 
4 
Subject. | | 
| re | ge Ba 
= = | | | 2 = | 
calo-| calo- | milli- milli-, milli- milli- milli-| milli- mi 
rles | | Tles | ries | 


In both eases the amount excreted was considerably greater 
than the caleulated expectation. It is not unlikely that the glu- 
cose formed from protein may have been burned soon after the 
absorption of the amino-acids, and that at other periods of the day, 
less ketolytic material was therefore available. At any rate the 
result indicates that high protein diets may actually have greater 
ketogenic influence than would be calculated from their glucose 
equivalence. 

Data are recorded by the authors also for short periods on the 
morning of the 5th day, before food. The resting oxygen consump- 
tion per minute is used to calculate the metabolism and the caleu- 
lated ketogenic balance may be compared with the total hydroxy- 
butyric acid excreted within these periods. 


F.W.P. 7 a.m. to 9 a.m., June 12, before breakfast. 


Resting metabolism = (0.267 liter O2 X 4.68 cal. X 120 min.) = 150 
Add 30 per cent for activity 


Total metabolism = 


i 

cal. 
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195 cal. — (1.2 gm. urine N X 26.5) = 163 cal. from fat. 
Kketogenic. Glucose. 
millimols millimols 
| (1.3 | 24 (1.2 20) 
(163 0.363)  ~—«:10 (163 X 0.06) 
77 — (34 X 2) = 9 = 0.9 gm. hydroxybutyrie acid. 


Iixcreted 1.1 gm. 


Applving the same calculation to the other subject, we get the 
following: 


H.L.H. 6.45 to 9.15 a.m. June 6. 2.5 hrs. 


eal, 

Resting metabolism = (0.299 liter O2. X 4.68 & 150 min.) = 210 
Add 30 per cent for activity = 63 

Add eal. value of B-acid excreted 3.4 K 4.6 = 15 


Total metabolism = 288 


288 — (2.5 gm. N X 26.5) 222 cal. from fat. 
Ketogenic. Glucose. 
| millimols millimols 
80.5 (222 X 0.365) 13 (222 0.06) 


Twice the glucose millimols slightly exeeeds the ketogenie milli- 
mols, and but little ketosis would be expected, but 3.4 gm. total 
hydroxybutyric acid were excreted. However, it is not unlikely 
that the estimate of the total metabolism is much too low for 
this subject. 

If the total metabolism be taken at 100 per cent over the resting 
value (because of activity in walking to the laboratory), we obtain 
close agreement. 
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(If) Total metabolism, 435 cal. — 66 = 369 eal. from fat. 


IKxetogenic. Glucose. 

millimols millimols 
| 171.3 72 
171.5 — (2 X 72) = 27.5 = 2.86 gm. expected. 


Exereted 3.4 gm. 


Which of the above estimates is the more correct it is impossible 
to say, and the ealculation is given chiefly to illustrate the im- 
portance of the total metabolism. In short periods variations 
in the rate of exeretion may add to the difficulty of such an analy- 
sis. On the other hand, the fact that it is possible to harmonize 
the figures by the aid of altogether reasonable assumptions as to 
total metabolism serves to set aside the apparent discrepancy. 

Why the third subject of Higgins, Peabody, and Fitz showed no 
ketosis I am unabie to explain, unless perhaps it is due either to a 
large glycogen reserve which lasted throughout the 4 days of the 
experiment, or to considerably lower total metabolism. Another 
possibility cannot, of course, be denied, that this subject burned 
keto-aeid without reaction with ketolytie substance; but I should 
be inclined to seek some other explanation. 

Case of Hubbard and Wright (5).—R. 8. H., normal man doing 
laboratory work. The total metabolism is estimated at 50 per 
cent over the determined basal, or 1,750 & 150 per cent = 2,624 
eal. per day. The largest excretion of acetone, average 11.8 gm. 
hydroxybutyrie acid, was observed on July 21 and 22, the last 
days of a period on a diet containing 32 gm. of carbohydrate. 
Assuming this amount of carbohydrate to have been burned evenly 
throughout the day, the ketoyenie balance may be calculated. 


2.625 — (12.7 gm. N X 26.5) — (32 & 4.1 eal.) = 2,185 cal. from fat. 


| IXetogenic. Glucose equivalents. 
| 
| millimols millimols 
| 190.5 (12.7 X 15) 234 (12.7 X 20) 
7835.9 (2,158 & 0.363) 130 (2,158 0.06) 
Carbohydrate..........' 7S 


2 = 1,124 antiketogenie equivalents. 
Ratio keto mols: glucose = 1.7 
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Aceording to the ealeulation, there was an excess of antiketo- 
eenie equivalents; but 11.8 gm. of hydroxv-acid were excreted. 
The result may be variously interpreted,—that the food earbo- 
hydrate (taken in three meals) was burned more or less quickly 
after absorption and thus its ketolvtie action in part ‘wasted,’ 
that the metabolism was higher than supposed, or that the dis- 
erepaney ‘Indicates error in the factors of the ealeulation. I re- 
gard the first or second as the more likely. The diserepaney is 
in the same direction as found with the subjects of Higgins. Pea- 
body, and Fitz and is often encountered in analyzing data from 
normal subjeets on low earbohydrate diets. The effect of sueh 
nearly ‘‘balaneed” diets is more ketosis than expected from the 
enleulations. Data of this sort appear to be less favorable for 
testing the factors of calculation than data from fasting or severe 
diabetie subjects. 

The calculation of data from diabetics on low carbohydrate 
diets very recently reported by Wilder and Winter (7) vields simi- 
iar results. Two eases (A376588 and A3875561) with 30 and 14 
gm. of carbohydrate in the diets, have a ealeulated excess of anti- 
ketogenie equivalents with consequent expectation of no (or slight) 
ketosis. But the subjects excreted 6.2 and 5.0 gm. of total 
acetone. Both of these subjects had acute infections, naso- 
pharyngitis and mawillary sinusitis, and this fact, as noted by 
Wilder and Winter, is probably one reason for these discrepancies. 

We have seen another instance of the effect of infection, in the 
data from the Mosenthal-Lewis case presented above. Apparently 
the existence of an infection may in some manner lower the effi- 
ciency with which the body utilizes the available antiketogenie 
material. One can imagine that such an effect might result 
either from uneven circulatory conditions or from uneven rates 
of metabolism during the day and variations in the composition 
of the metabolic mixture. It is not at all impossible that 
with an infection the metabolism during exercise or at other 
times may be much greater (and richer in ketogenie material) 
than would be expected from determination of the resting metabo- 
lism during brief periods. Whatever the explanation, the fact 
is of practical importance, and I believe is in accord with clinical 
experience with diabetes. 
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A wider margin of safety, in the form of more carbohydrate and 
of greater carbohydrate toleranee, is needed to avoid ketosis in 
subjects with aeute infections, than in their absence. 

Landergren’s Subjects (21).—The data contained in an import- 
ant paper by Landergren on ketosis, would be very valuable for 
testing the factors of the ketogenic balance, except that the total 
metabolism must here also be guessed at. A number of different 
normal subjects (and a few diabeties) were placed on diets which 
produced in some cases marked ketosis, and the amounts of ace- 
tone + acetoacetic acid and B-hvdroxybutyric acid were deter- 
mined. Body weights, in some instances heights, and a descrip- 
tion of the subject’s activity, allow an approximate estimate of 
the probable total metabolism. These estimates are admittedly 
open to considerable errors, which affeet especially the amounts 
of fat burned and consequently the end-results of the ealeulated 
ketogenie balance. The details of the “‘balance’ for the normal 
subjects on the last day of diet periods are shown in Table X. 
The small amounts of aleohol and of ‘“N-freie Subst.’ in the 
diets of some subjects are ignored in the calculations. 

The results show some discrepancies, but on the whole the agree- 
ment is rather remarkable. The comparison Is indicated by the 
following figures, the first of each pair being the calculated grams 
of total hydroxybutyrie acid and the second the amount excreted: 
6.4 to 7.6; 0 to 6.6; 0 to 4.7; 28 to 15.5; 16 to 16.9; 15 to 17.1; 
17.0 to 41.8. The differences are here also in the direction of 
greater excretion than expected. And it is not unlikely that 
this may be the result of a wasting of ketolytic material by its 
pertodic absorption and catabolism after meals, as compared 
with the more even metabolism of fasting. 

It is worthy of note that the remarkably high amount of 
41 gm. of hydroxybutyric acid was exereted by a normal man 
on high protein diet, who indulged in v7gorous muscular activity 
throughout the period (28,000 steps per day by pedometer). A very 
important practical point is here illustrated: that muscular activ- 
itv under such conditions is done only at the expense of fat me- 
tabolism, and that an increase in fat metabolism, if glucose is not 
available and usable may produce serious ketosis. Bursts of 
muscular activity would therefore be dangerous in severe diabetes 
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or even perhaps in some non-diabetic subjeets on low carbohydrate 


diets. 
Such a conclusion agrees with clinical experience in diabetes. 


DISCUSSION. 
The Threshold of Ketosis. 


Reviewing the data and results of ealeulation so far presented, 
it seems to the writer that the evidence may be regarded strong 
enough to establish our general theory as the explanation of anti- 
ketogenesis. Although a single instance is cited which is possibly 
altogether exceptional, all of the other subjects developed their 
ketosis in accordance with a common rule. We are inclined to 
believe also that the quantitative estimates of the respective keto- 
genic and antiketogenic influences of fat, protein, and carbohydrate 
are shown to be approximately, but only approximately, correct. 
As more reliable data are accumulated considerable revision will 
doubtless be found necessary; but in the meantime, it may be 
worth while to see how the conception can be applied to practical 
problems. 

The analyses of the ketogenic balance appear to show less dis- 
erepancies when severe ketosis exists, that is to say when there is 
a large surplus of keto-acid molecules in the body to combine with 
all available ketolytie molecules. Under such circumstances there 
appears to be little doubt that each molecule of glucose is equiva- 
lent ketolytie substance for 2 molecules of keto-aeid. 

Where or when such surplus does not exist, it may be imagined 
that some glucose molecules are oxidized without encountering 
keto-acid, and thus its ketolytic value is wasted; while in other 
cells or localities there may be a deficit of glucose with consequent 
appearance and accumulation of the acetone bodies. Such a 
situation would result from uneven or unequal distribution of 
metabolites, just as blockade and hoarding during war time food 
shortage interfere with the nutrition of some individuals and of 
some nations, while others have a surplus. This is the state of 
affairs near the border-line or threshold of ketosis. It may take 
considerably more than the theoretical amount of total glucose to 
insure its reaction with every molecule of keto-acid formed in 
the body, just as it takes a surplus of food to insure the norma! 
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nutrition of all individuals in a community. The amount of the 
excess needed to avoid all ketosis will probably vary, depending 
upon rate of absorption and evenness of distribution and metabo- 
lism; and therefore, one would perhaps expect the metabolic 
mixture of the whole body and its ketogenic ratio to vary ai the 
threshold of ketosis between the theoretical ratio for the ketolvtic 
reaction and a considerably higher value. And this Is exactly 
what has so far been observed. 

The data submitted in earlier papers (2, 3) by the writer indi- 
ketogenic mols 
total glucose 
der-line of ketosis. The same conclusion was reached by essen- 
tinlly the same methods of caleulation by Woodvatt (4) and by 
Hubbard and Wright (5). But more recently Wilder and Winter 
(7) cite a number of cases, with very slight ketosis, with ratios 
hetween 1.2 and 2.0. According to the point of view stated 
above, both conclusions can be harmonized. Some subjects un- 
doubtedly show small but definitely abnormat amounts of 
acetone when the mixture of metabolites, judged by the respiratory 
ketogenic 
ratio of 
total glucose 
about 1:1: while other subjects may have a ratio of almost 2:1 
hefore large amounts of keto- and hydroxybutyrie acid) appear 
In the urine. 

In further illustration of this faet, the caleulations of some 
of the valuabie and historically interesting data of Hiurselfeld 
(1895) might be presented (22). It will be recalled that Hirseh- 
feld first drew the important conclusion that ‘“‘meht in Folge 
des Hungers und des Zerfalls an Korpereiwetss, sondern nur in 
Folge des Fehlens der Kohlenhydrat bei Erniéhrung erfolgt die 
Bildung von Aceton.”? From his description of his subjects 
(various non-diabetic hospital patients), their body weights, the 
diets and their duration, the excretion of urinary total nitrogen, 
and acetone plus acetoacetie acid, | have caleulated the approxi- 
mate ketogenie balance of these patients nearly all of whom ex- 
ereted only small amounts of acetone and were therefore examples 
of border-line ketosis. The data are rather incomplete and the 
tables of calculations need not be recorded, but the keto ratios 
obtained are certainly not very erroneous. The figures show that 


cated a moleeular ratio of = about 1 at the boar- 


quotients or by calculation, corresponds to a 
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on the days when the subjects exereted distinctly abnormal 
amounts of acetone (more than 0.1 gm.) the amounts of protein. 
fat. and carbohydrate metabolized were such as corresponded to 
ratios of ketogenic: glucose mols between 1:1 and 2:1, and in 
general the higher the ratio the more acetone was excreted. With 
the ratios of 0.6 to 1.3 and even 1.6, the acetone + acetoacetic 
excretion was 0.03 to 0.10 gm. acetone, practically normal values, 
while with ratios from 1.1 to 2.1 up to 0.70 gm. acetone was 
excreted. 

Evidently the range between ratios of 1:1 and 2:1 is vari- 
able in that either verv small or moderate amounts of total! 
acetone may result. 


Practical Significance of the Ketogenic Balance. 


The practical interest and significanee or the ketogenie balance 
is that 1t allows the rational formulation of diets low in carbohvy- 
drate and thus designed to spare the carbohydrate tolerance of 
diabetics from overstrain, and at the same time indicates the 
minimum amount of total glucose equivalent necessary to avoid 
the dangers of ketosis. This is the main dietetic problem in dia- 
betes. Apart from the very considerable difficulties of choosing 
suitable food material, the digestive and other consequences of 2 
restricted diet, the only unusual nutritional limitation imposed by 
the disease is that the subject must maintain the inflow of all 
glucose-forming foods below the rate at which he ean burn it, to 
avoid further loss of tolerance, and above the rate necessary to pro- 
vide sutficient ketolytie material to avoid ketosis. The widthof the 
margin between these extremes, very great in normal subjects 
and narrower in diabetics, represents the factor of safety 
possessed by the individual. The practical question, therefore. 
is to determine for every diabetic the minimum amount. of 
carbohydrate needed by him for a safe margin over a bare keto- 
genic balance. So long as this safe margin is maintained, there 
is no reason to expect ketosis, and the disease would amount to 
little if anything besides dietary inconvenience. The caleula- 
tion of a diet to meet this need may be gone about in several ways. 
Woodyatt (4), Hubbard and Wright (5), and Wilder (8) have 
already developed valuable formulas for this purpose, based upon 
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the conception of the ketogenic-antiketogenie balance. The 
matter is of such importance as perhaps to be worthy of further 
consideration in the hight of the data presented in this paper: we 
shall first restate the argument as developed in our study of the 
subject. 

If our general idea as to the character of antiketogenesis is 
correct, it means that the development of ketosis in any subject 
is wholly determined by the relative number of molecules of keto- 
genic versus ketolvtiec substance in the mixture being metabolized. 
This mixture is made up of a variety of substances formed from 
the three foodstuffs, protein. carbohydrate, and fat. The 
composition of the mixture and the resultant of its “‘ketogenic 
balanee”’ therefore depend upon those factors which determine how 
much of each flows into the metabolic stream. Some of these 
factors are fairly well known and ean be predicted, while the effect 
of others can be determined in individual eases. 

Chief among these factors are the diet, the weight or body sur- 
face of the subject, his nutritional state, and the degree of muscular 
activity. The following general statements as to the effect of 
these factors are based upon well known principles of nutrition, 
and may perhaps be regarded as almost axiomatic. The diet has 
only these (immediate) effects: 

1. Food protein, above a certain minimum, is approximately the 
amount metabolized (nitrogen equilibrium), provided the total 
energy value of the diet and the amount of accompanying c¢ar- 
bohydrate is not too low. Within certain limits therefore the 
amount of food protein determ7nes the amount of protein metabo- 
lized, and its contribution of ketogenie and ketolytic material. 
The two compensatory quota may, however, not be eatabolized 
simultaneously, and if not, the protective value of the derived 
glucose may be in part lost. Another important effect of large 
protein ingestion is its marked stimulation of total metabolism 
(‘specific dynamic action’’). Because of its considerable keto- 
genic influence and its stimulating effect, the lowest possible pro- 
tein metabolism appears to be indicated when ketosis is feared; 
but on low protein and low carbohydrate diets body protein is 
apt to be drawn upon, and the total may even be increased. The 
optimum protein 7ntake is doubtless the lowest which will maintain 
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approximate nitrogen equilibrium;® the urinary total nitrogen Is 
the only indication of the amount catabolized, and must be known 
for the analysis of a ketogenie balance. 

2. Food carbohydrate, temporarily stored as glycogen, is 
oxidized in preference to fat within the earbohydrate tolerance of 
the subject, beyond which it is excreted as glucose. If taken in 
larger amounts than required at the time, some may also be con- 
verted into fat and stored. Its effect in Increasing the rate of 
metabolism is small. 

3. The amount of food fat has only little influence upon the 
amount of fat burned, which is chiefly determined by the require- 
ment for energy to warm the body and to do its muscular work. 
If an abundance of available carbohydrate (or protein fragments) 
meets the greater part of the demand for energy, little fat is burned 
regardless of whether or not it is eaten; while on the other hand in 
fasting or on low carbohydrate diets fat is the chief fuel even 
though none is eaten. 

The second of the main factors which influence the metabolic 
mixture is that s& of influences which determine the rate of basal 
metabolism. In the same category, but quite distinct, is the effect 
of muscular activity. These factors are decisive in controlling 
the amount of energy exchange and consequently the total amounts 
of food materials which are burned. On this port the diet has 
(directly) only a very minor iniluence. The individual who by 
hard work expends a total of 3,000 or 4,600 calories a day, obtains 
that energy from the oxidation of fat, carbohydrate, and protein, 
even though he eats no food during that time. The same indi- 
vidual at rest in bed would spend only half that energy, and would 
burn half as much foodstuffs. If we suppose this subject to be 
fasting, or that the same (small) amount of carbohydrate is avail- 
able on both days—or that he is a diabetie with a fairly low toler- 
ance—his metabohe mixture and his ketogenic balance would be 
quite different on the 2 days. At rest the ketolvtie fractions 
might be enough to prevent ketosis, but not enough to dispose of 
double the amount of keto-acid derived from the additional fat 
burned to do work. 


>See the recent paper by Marsh, Newburgh, and Holly (Marsh, P. L., 
Newburgh, L. H., and Holly, L. E., Arch. Int. Med., 1922, xxix, 97) which in- 
dicates that from 0.75 to 1 gm. protein per kilo is usually sufficient. 
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From the point of view which grows out of the above considera- 
tions, the problem of calculating the optimum diet in diabetes 
appears to focus upon the following question. How much 
additional tetolytic substance, in terms of glucose of food carbohy- 
drate must be allowed the subject (of known size, activity, and 
consequently energy requirements) in order to provide a safe mar- 
gin over a bare ketogenic balance in his metabolic mixture? It he 
has sufficient ‘tolerance’? to burn (utilize) such an amount, and 
receives it, ketosis will not appear, but if his tolerance is already 
lower, ketosis is unavoidable until the amount of the metabolie 
mixture (the total metabolism) is decreased to the point where a 
ketogenie balance is attained. 

The equation which must be solved to answer the above ques- 
tion has four main terms, the amounts of protein, of carbohydrate, 
of fat, and total calories of metabolism. The first two within 
certain limits may be fixed by diet, while the last is almost wholly 
determined by the size and activity of the individual. And 
when the diet is fixed, the amount of fat burned depends upon 
the total metabolism. 

Protein and fat each have both ketogeniec and antiketogenic 
quotas, while carbohydrate has only the latter influence. Accept- 
ing for the present the quantitative estimates for these several fae- 
tors found to vield fair agreement in the analyses of cases presented 
above, the net effect of each may be stated as follows: 

Protein, | gm. N = (20 glucose equivalents X 2) — 15 ketogenic = 25 milli- 
mols excess antiketogenic equivalents. 

Fat, 1 gm. = 3.43 ketogenic — (0.57 glucose equivalents X 2) = 2.29 milli- 
mols excess ketogenic equivalents. 


l 
and 1 eal. from fat = 9 46 x 2.29 = 0.242 millimols excess ketogenic 
equivalents. 
Carbohydrate, 1 gm. glucose = 5.56 & 2 = 11.1 millimols antiketogenic 
equivalents and 1 cal. from glucose = > = 2.96 millimols antiketo- 


genic equivalents. 
According to the above values, the excess antiketogenic equivalents of 
protein corresponding to 
1 gm. of urinary nitrogen would ‘‘neutralize”’ 0-1 = 103 cal. from fat. 
2.96 
—— = 12.2 cal. from fat. 


And 1 cal. from glucose would ‘‘neutralize 0 249 
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And, 


Total calories Calories from Calories of fat ‘‘neutralized’’ by 
of metabolism protein excess antiketogenic from protein 


Calories of metabolism not ‘‘neutralized”’ by | 
-antiketogenic of protein and fat, and which. 
‘must be supplied from fat and glucose in 
ratio of not more than 12.2 fat eal. tol glu- 
eal.; or glucose calories must be at least 


= 0.076 of the total unneutralized 


12.2 + 1 
calories. 


On substituting values for the nbove expressions, the equation becomes 


(Total eal. — (N X 26.5) AN x 10:3) x 0. O06 


76 eal. 
necessary to provide theoretical ketogenic balance. 
Simplified and the values rounded off, 
Total cal. — (N X 120) 


= Minimum extra giucose (gm.). 


According to this expression whenever the urine nitrogen multiplied by 
130 equals or exceeds the total calories of metabolism, no carbohydrate is 
needed to provide a theoretical balance. Such conditions may be thus 
illustrated, 


With 5 em. urine N, the total metabolism might be 650 enlories. 


These figures perhaps indieate the way in which the skimo 
may avoid ketosis without carbohydrate food. 

But this caleulation assumes an even metabolism and the mani- 
mum utilization of all ketolytie substanee, which is doubtless 
rare. The results cited above from subjects on high protein diets, 
or near the border-line of ketosis indicate that a variable but con- - 
siderable excess of food carbohydrate is usually necessary. The 
amount of this exeess may vary with the subject. with the fre- 
queney of its ingestion, with the “peaks” of musenlar activity and 
metabolism, or with other unknown factors; but it appears that 
double the quantity is usually sufficient. 

A slightly different equation developed from a previous analysis 
(10) i< perhaps preferable to the one stated above because some- 
What simpler, easier to remember and to calculate. Sinee both 


| 
| 
4 


440 Antiketogenesis. IV 


equations give the theoretical minimum of food carbohydrate, and 
a variable margin over this minimum is almost always necessary, 
the simpler formula is doubtless sufficiently accurate. This 
formula is 
Total calories of 
metabolism — (Urine N X 100) 
20 


= Minimum food carbohydrate (gm.). 


It is suggested that this equation be used as follows. Estimate 
from the size, weight, and activity of the subject his approxi- 
mate metabolism for 24 hours. If necessary determine the urine 
nitrogen on the amount of food protein decided upon; or tenta- 
tively assume nitrogen equilibrium on 0.75 to 1.0 gm. food protein 
per kilo, and co#firm it later after diet is established. Inelude in 
the diet the calculated minimum amount of starch, or preferably 
double this quantity (or more if the diabetes is not severe). 
Supply the -+#e-of the calories needed in the form of fat. 
On theoretical grounds the food should be evenly distributed 
throughout the day in frequent small meals. 

If on such an “‘optimum” diet thus determined the subject 
shows glycosuria and ketosis, it obviously means that the carbo- 
hydrate tolerance is lower than necessary for the amount of the 
materials metabolized, and the only recourse is to decrease the 
total metabolism. And this can be accomplished only by mus- 
cular rest or by undernutrition or both. 

The undoubted benefit of fasting, advocated by Allen, probably 
has its explanation in this lowering of the total métabolism, as 
pointed out by Allen and Du Bois (23). The more recent use of 
low protein and (moderate) fat diets of Newburgh and Marsh (19) 
also appears to be theoretically sound; and the still more recent 
proposal by Wilder (S) of diets about 25 per eent below the require- 
ment, and the points of view of the latter and of Woodyatt (4) are 
in harmony with our conclusions. The emphasis which both have 
placed upon the materials metabolized, rather than on the diets 
fed, is wholly in accord with the conception underlying our work 
and is the basis on which further progress in the dietary treat- 
ment of diabetes may be expected. 
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THE ESTIMATION OF FORMIC ACID IN THE URINE. 


By ETHEL M. BENEDICT anno G. A. HARROP. 

(From the Department of Medicine of the College of Physicians and Surgeons 
of Columbia University, and the Presbyterian Hospital, New York, 
and the Chemical Division, Medical Clinic, the Johns 
Hopkins University and Hospital, Baltimore.) 

(Received for publication, August 23, 1922.) 


During the course of some clinical and experimental studies of 
acute methyl alcohol poisoning (1) the necessity arose for making 
a considerable number of quantitative estimations of the exere- 
tion of formie acid in the urine. The method at first employed 
was that of Dakin, Janney, and Wakeman (2), which is satisfae- 
tory but very time-consuming. It was found desirable to devise 
a simpler and quicker procedure, which would obviate if possible 
the necessity for extraction with ether and shorten the time 
required for the other manipulations. The following method has 
proved to be satisfactory in our hands and vields better results 
than are obtained by the ether extraction method. 


Methods. 


100 ce. of urine are accurately measured into a liter volumetric 
flask containing 500 to 600 ec. of water. 100 ec. of 20 per cent 
CuSO, are added and the whole is well mixed. A 10 per cent sus- 
pension of Ca(OH). is then added until alkalinity, as evidenced 
by the characteristic color change from green to blue, occurs. 
It is well to avoid an excess of calcium hydroxide. The contents 
are then made up to volume and mixed. After standing 15 to 30 
minutes they are filtered and a 600 ce. aliquot is placed in a 800 ee. 
Kjeldahl flask, with 2 to 3 drops of phenolphthalein as an indi- 
eator, and made distinctly acid with 85 per cent phosphorie acid.! 
Sufficient exeess should be added to free all of the formic acid 
present (1 to 2 ce. are ample for this purpose). Glass beads are 


’ Tartaric acid may be used instead of phosphoric, but we have not found 
that it has any particular advantage. Strong mineral acids cannot be used. 
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rdded to prevent bumping. This flask is connected to a supply 
of steam and to a water condenser by means of a Kjeldahl trap. 
Both the neck of the flask and the outside of the trap are well 
wrapped with asbestos cord to prevent loss of heat.2 The distil- 
late is caught In a easserole provided with 15 to 20 ee. of 0.1 x 
NaOH, and a few drops of phenolphthalein are added to make 
sure that it is alkaline. This alkalinity must be maintained 
throughout the distillation by the addition of further 0.1 ~ NaOH 
as may be necessary, but a great excess must be avoided. It is 
neither necessary nor advisable to cause the delivery tube from 
the condenser to drop under the liquid in the easserole. The 
distillation must be so managed that at first a slow stream of 
steam is conducted in, while the contents of the distilling flask 
are rapidly driven over by brisk heating and reduced in volume 
to 50 to 75 ee. At this amount thev must remain until 2 liters 
are collected.’ 

The distillate is then evaporated to dryness over night on the 
water bath, and the residue taken up in exactly 100 ce. of distilled 
water and filtered. A 90 ee. aliquot ts placed in a 2450 ee. Erlen- 
mever flask and made just acid with 0.1 ~ HCl. 10 ee. of the 
special HgCl. mixture? are then added and the flask is fitted with 
‘an air condenser and heated in a boiling water bath for 1 hour. 
After cooling the mereurous chloride is filtered into a weighed 
(iooeh erueible, washed with 100 ce. of 5 per cent cold HCl. then 
yater, aleohol, and ether, and dried t hour at 105° and weighed. 
The blank of the reagents in our experiments has varied from 


2 Such a device is essential. as otherwise phospherie acid is mechanically 
carried over during the rapid distillation and causes much trouble. It is 
eonvenient to do the steam distillations on a Kjeldahl rack. 

3 This reduction in volume is necessary because the amount of formic 
acid earried over by steam distillation varies enormously with the volume 
of the distilling fluid. On the other hand, if the volume is allowed to 
become too low, especially if it boils dry, large errors result from the break- 
ing down of other organic substances present into formic acid. 2 liters of 
distillate are sufficient to collect if these precautions are observed. It 
should be collected in about 2 hours. 

* This solution eontains 200 gm. of HeCl., SO gm. of NaCl, and 300 gm. 
of Na acetate to 1 liter of water (3). 10 ce. of this solution are sufficient 
for amounts of formie acid up to 0.13 em., that is a concentration sixteen 
times the upper limit in normal urine. For urines containing larger 
amounts, larger amounts of this mercuric chloride mixture must be used. 
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0.0014 to 0.0044 gm. according to the reagent used. The 

amount of forinie acid per liter in the original urine is then 1.01 

x x x 0.0975 X (weight of precipitate— weight of blank 


of reagents). 
DISCUSSION. 


As has been frequently pointed out, the isolation of volatile 
fattv acids by steam distillation direct from acidified urines often 
entails serious errors, because the prolonged action of mineral 
acid upon carbohydrates and other substances present, results 
in fatty acid, especially formic acid formation.’ The precipita- 
tion with copper hydroxide, a device introduced by Van Slyke in 
his well known acetone body methods (4), disposes of this difficulty 
by removing the sugar and other interfering substances. The 
steam distillation should be commenced at once on the filtrate 
and its reduction in volume effected in the process. It is a waste 
of time first to try to concentrate the alkaline aliquot and it may 
cause considerable error because of the destruction of organic 
acids which takes place when they are heated in alkaline solution. 
Further, it has been found that when formaldehyde is present 
(as is the case in urines obtained during acute methyl alcohol 
poisoning), about 10 per cent will be oxidized to formic acid in 
the process of evaporating in alkaline solution. 

The addition of NaCl and of Na(CH.COO) to the HgCl. solu- 
tion hastens very greatly the precipitation of HgCl and also pre- 
vents the precipitation of impurities. As seen in the curve (Fig. 1), 
99 per cent is precipitated after 1 hour heating, at the end of which 
the reaction is stopped and 1 per cent added to the final figure of 
the result. We have spent a great deal of time in efforts to develop 
a method for titrating the mercury, but we believe the gravimetric 
estimation is more reliable and satisfactory. 


> lem. of HgCl equals 0.0975 gm. of formic acid. 

* It may be pointed out that this error obtains in the Ryffel method for 
estimating lactie acid, (7.e., steam distillation from urine to which equal 
parts of concentrated H,SO,4 have been added), when determinations are 
made upon urines containing carbohydrates. Treatment with Cu(OH), 
will obviate this error in such lactic acid determinations. 
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Determinations of the formie acid content of urines should be 
commenced as soon as possible after collection. We have found 
it quite impossible even when kept on ice or when preservatives 
are used, to get concordant results when specimens stand over 24 
hours. 

Tables I and IT indicate how completely known formic acid can 
be recovered from pure aqueous solutions and from urine by this 
method. 


Per 


cent 
90 


= 


Min. 0 15 30 45 60 a 90 105 120 
Time 
Fic. 1. Curve showing the rate of formation of mercurous chloride 
precipitate. 


The Occurrence of Formic Acid in Human Urine. 


A number of analyses of the formie acid content of normal 
urine from individuals on mixed diet are given in the literature. 
The amount is small and ts given by Dakin, Janney, and Wake- 
man, as varying from 29.9 to 118.6 mg. per 24 hours. Our 
results are in agreement with these figures. 

A number of analyses on urines from patients which show a 
high organic acid content are given in Table III. It is known 
that an increase in the consumption of carbohydrates causes an 
increased formic acid excretion, a condition which would also 
presumably result from administration of glucose intravenously 
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Recovery of Formic Acid from Aqueous Solutions. 


TABLE 1. 


| gm. qm, qm. per cent 
July 7, 1920 0. 2404 0. 2364 0.0040 1.6 
0.2404 0. 2401 0.0003 0 
0.2404 0. 2442 0.0038 1.5 
June 10, 1920 0.1202 0.1198 0.0004 0 
0.1202 0.1215 | 0.0011 0.9 
0.1202 0.1216 0.0012 1.0 
“14, 1920 0.6010 0.5821 0.0189 3.0 
0.6010 0.6035 0.0019 0.3 
0.6010 0.5835 0.0175 2.9 
15, 1920 0.0060 0. 0064 0.0004 
0.0060 0. 006-4 0. 0004 
0.0060 0.0070 0.0010 
“« 21, 1920 0.6010 0.5904 0.0106 1.8 
0.6010 0.5948 0.0062 1.3 
May 9,1922 | 0.1208 0.1218 0.0010 0.8 
0.1208 0.1203 0.0005 0.4 
| : 
TABLE II. 
Recovery of Formic Acid Added to Urine. 
Date. Subject. Error. 
| gm. | om. | om. | 
June 22, 1920 A 0.0053 | 
0.0060 
Nephritie with albu- 0.0240 0.0236,0..0004 1.9 
minuria. 0.0240) 0.02290.0011 4.8 
0.6010) 0.6043'0.0033) 0.5 
0>6010 0.61270.0117, 1.9 
0.6010) 0.5896.0.0114 1.9 
Oct. 29, 1920 B 0.0073 
Diabetic, 1.0 per cent 0.0240) 0.0248 0.0008) 3.0 
sugar. Acetone and 0.6010; 0.5992.0.0018) 0.3 
Diacetie ++++ 
May 5, 1922 C 0.0038 
0. 0040: | | 
Diabetic, 3.0 per cent 0.1208 0.1167,0.0041 3.4 
sugar. Acetone and 0.1208' 0.11700.0038 3.1 
Diacetic ++++ | 
Apr. 19, 1922 D 0.0019 | 
0.0026 | 
Normal individual. 0. 1208 0.11670.0041 3.4 
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or by other routes. The data, however, indicate that an increased 
exeretion of formic acid does not commonly occur in the acidosis 
of diabetes. An opportunity to study the excretion in the acidosis 
of starvation was afforded by the analysis of urines from epileptic 
patients under treatment. The data indicate that formic acid 
excretion plays no part in the production of the high organic acid 
excretion usually found in these fasting patients. 


TABLE IV. 


Excretion of Formic Acid in Experimental Methyl Alcohol Poisoning. 
Dog K. Weight 7.2 kilos. Male. 


1629 ce. | eé, | ce. | 
Mav 3 | 23 
600 24 
“ & | a | ae 15 Given 8 gm. CH;OH per kilo 
| by stomach tube. 
650 46S 
eee 275 1,234 532 
195 1,249 ol4 
a 175 1,929 702 
“ 10 200 1,625 516 
395 1,292 O71 
405 87 266 
“ 104 | 807 245 
a 
| | 


The one pathological condition in which formie acid excretion 
has been found to play a predominant roéle is in the acidosis of 
methyl alcohol poisoning. In Table IV is given the formie acid 
excretion in one experiment following ingestion of methyl alcohol 
by mouth. 


SUMMARY. 


An improved and simplified method for the estimation of 
formic acid in urine is deseribed. 

No increase in the excretion of formie acid has been found during 
the acidosis due to diabetes, and in that due to starvation. The 
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formic acid exeretion and its relation to the total organic acid 
excretion are presented from an experiment in the production of 
acute methyl alcohol poisoning. 
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THE COMPARATIVE TOXICITY OF AMMONIUM SALTS. 


By FRANK P. UNDERHILL ann ROBERT KAPSINOW. 


(From the Department of Pharmacology and Toxicology, Yale University, 
New Haven.) 


(Received for publication, August 4, 1922. 


In view of the important role played by ammonia and am- 
monium salts in the metabolism of living tissue, this investigation 
was undertaken to determine the comparative toxicity of the more 
common ammonium salts, both organic and inorganic. 

Rachford and Crane! attempted to study the relative toxicity 
of ammonium compounds and their action in acid intoxication in 
mice. They found, employing 5 per cent solutions, that the 
toxicity of the different salts apparently had little or no relation 
to the ammonia content of the salt (see Table I). 

It appears from Tables I and II that the toxicity of ammonium 
salts depends rather upon the amount of salt present than upon 
the NH; content. This lack of uniformity has been the incentive 
to repeat this work. 


Method. 


The animals used were adult white rats of average weights. All 
the salts used were made to approximate 5 per cent solution. The 
nitrogen in the form of NH; was determined in three 5 per cent 
solutions by an abbreviated Folin-Farmer microchemical method? 
for total nitrogen. 45 ee. of the ammonia solution were matched 
against 5 ec. of standard ammonium sulfate containing | mg. of 
nitrogen after being nesslerized as nearly as possible at the same 
time. In this way it was possible to determine accurately the 
amount of nitrogen in the form of NH; present in 1 ec. and to rule 
out the weight of the water of crystallization. 


Rachford, B. K., and Crane, W. H., News, 1902, Ixxxi, 778, 
* Folin, O., and Farmer, C. J., J. Biol. Chem., 1912, xi, 493. 
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Six animals were used for each series, the amount of solution 
injected ranged from 0.5 to 3.0 cc. per 100 gm. of body weight. 
The minimum lethal dose taken was that amount which caused 


Toxicity of Ammonium Salts 


death within 3 hours. 


TABLE T. 


(Rachford and Crane.) 


Arranged to Emphasize Fatal Dosage. 


Salt. 


Ammonium oxalate 
carbonate......... 
nitrate. . 
citrate... 
sulfate... 


ae 


hydrogen phosphate. . 
sarcolactate...........; 
| 


Toxicity of 


5 per cent 


Amount 


in fatal dose. 


Amount 
of in 


solution. fatal dose. 
ce. | qm. qm, 

0.04 0.002 0.00058 
0.12 | 0.006 0.00225 
0.12 | 0.006 0.00142 
0.19 0.009 0.00306 
0.19 | 0.009 0.00202 
0.19 | 0.009 0.00225 
| 0.003 
0.28 0.013 0.0025 
0.28 0.013 0.0035 
0.49 0.026 0.00€0S 
0.62 0.032 0.00504 
0.74 | 0.039 0.00655 


TABLE II. 


(Rachford and Crane.) 


Arranged to Show Relationship of NH; Content to Fatal Dose. 


Ammonium lactate 
acetate... 
sareolactate 


Salt. 


Amount 


of NHs3in 
fatal dose. 


Fatal dose. 


hvdrogen phosphate....... 


chloride 
sulfate... 


tartrate 


chromate 


gm. 

0.00655 
0 
0.00504 
0.0035 
0.003506 
0.003 
0.0025 
0.00225 
0.00225 
0.00202 
0.00142 
0.00058 


| 
| 0.74 
0.28 
0.22 
| €.2 
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Observations. 


It will be seen from Tables IIIa, IIIb, [Va, and IVé that -in 
gencral the toxicity of the ammonium salts is directly proportional 
to the amount of NH; present, the fatal acting time remaining 
inversely to the amount of NH; present to the number of cubic 
centimeters injected. 

Table IITa.—The minimum lethal dose and the milligrams of 
nitrogen in the total minimum lethal dose depend upon the 
It is readily seen that the milligrams of 


weight of the animal. 


. nitrogen per 1 ce. tend to run parallel to the dose per 100 gm. in 
the minimum lethal dose. 
Table ITIb.—This table is arranged to show the relation of the 
milligrams of nitrogen in the total minimum lethal dose to the 


fatal acting time. 


Here one can see that the fatal acting time is 


decreased the greater the amount of NH; present. 


TABLE IIIb. 


The Relation of Toxicity to NH 3 Content. 


Rat 
Berics. 


to 


| 


Substunce. 


N per 
| dosage. 


Amount. | Time. 


Remarks. 


NH gl 
NH,CrsoO, 


(NH,)2CrO, 
NILBr 

(His) 
(NH4)2504 
neutral. 
NH,NOs 

No. 2 NHa(H)CO; 
(NH4)2CO3 + 
carbamide. 
NH,Cl 


| mi. 


0 02128 
0.022125 
0.02265 
0.023075 
0.023575 
0.024 

0.024125 
0.0245 


0.02637 
0.026575 
0.029670 


ce 


3 


w 


to we 


w 
ou 


0 


min. 


No deaths recorded 
with maximum dose. 
No deaths recorded 


with maximum dose. 


Duplicate. 


Exceptions to the above rule are 


and (NH,4)3PO,; (NH,)HCO,; and (NH4)2COs 


plus carbamide. 


Two series of (NH,HCO; were carried through because of its 
rapid deterioration. 


It was found that although there was a 


| 

| | 
| | | | 
| | 155 
| 91 | | 
| | 83 | 
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delay in the fatal acting time or in other words a decrease in 
toxicity, nevertheless for the carbonate group, the same rule held 
true as with all the other salts. The phosphates tend to run in 
the same way although not so perfectly. The importance of these 
two types of substances in neutralizing acid bodies of intoxication 
demonstrates the relative resistance that the organism has to 
them. 

Table I1Va.—Here the ratio of NH; content to dosage and its 
relation to the fatal acting time is more clearly demonstrated. 
The exceptions in this group are ammonium citrate and ammonium 
lactate, but when taken in 10 per cent solutions it is seen that 
ammonium citrate containing more NH; requires less dosage and 
is more actively fatal than ammonium lactate. The resistance to 
ammonium lactate may be explained perhaps by the ability of the 
body to oxidize lactic acid. | 


TABLE 
The Relation of Toxicity to NH; Content. 


N per 


Substance. decane. Amount.! Time. Remarks. 
| mg. ce. min. 

1 ! Ammonium valerianate. | 0.00251 | 3.0 Nodeaths. Max- 
| imum dose of 5 
| per cent solu- 
| tion. 

tartrate. 0.00254 3.0 oS 

3 benzoate. 0.003032) 2.5 134 

4 9. lactate. 0.004564) 3.0 Nodeaths. Max- 

imum dose of 5 
per cent solu- 
tion. 

5 - salicylate. | 0.00572 | 2.5 63 

6 citrate. 0.00781 | 3.0 Nodeaths. Max- 

imum dose of 5 
per cent solu- 
tion. 

7 ” acetate. 0.00796 | 1.5 96 

S - formate. 0.01073 | 2.0 117 

lactate. 0.0138 3.0 86 | 10 per cent solu- 

tion. 
10 citrate. 0.01634 | 2.5 38 | 10 per cent solu- 
tion. 
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In comparing the action of NH, in the organic and inorganic 
compounds with regard to a possible diminution of toxicity in the 
organic compounds to that of the inorganic compounds, it would 
seem that the organic compounds are less toxie, probably due to 
the greater ease with which they can be converted to urea. 


SUMMARY. 


1. The toxicity of ammonium salts is directly proportional to 
the amount of NH; present. 

2. The greater the ratio of NH; to the salt, ‘the smaller is the 
minimum lethal dose. 

3. The fatal acting time is inversely proportional to the amount 
of NII, present. 
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THE INFLUENCE OF WATER INTRODUCTION UPON 
BLOOD CONCENTRATION INDUCED BY 
WATER DEPRIVATION. 


By FRANK P. UNDERHILL ann ROBERT KAPSINOW. 


(From the Department of Pharmacology and Toxicology, Yale University, 
New Haven.) 


(Received for publication, August 4, 1922.) 


That changes in blood concentration are of considerable sig- 
nificance in various normal and pathological states is rapidly 
gaining recognition. Disturbances in water balance introduce 
factors, hitherto unrecognized, which profoundly effect the circu- 
lation and henee indirectly exert a striking influence upon the 
processes of internal respiration leading eventually to more or less 
marked embarrassment of the vital activities of the cell, and if 
continued for a sufficient period death inevitably follows.! 

In connection with another problem it became essential to know 
the influence of water deprivation for relatively short periods upon 
alterations of blood concentration and in particular the immediate 
effect of the introduction of large volumes of fluid upon the changed 
blood concentration. This problem is the subject of the present 
communication. 


Methods. 


Female dogs, full grown and in good nutritive condition, were 
kept in metabolism cages without food and water for periods 


‘For literature on changes in blood concentration consult: Sellards, 
A. W., The principles of acidosis, and clinical methods for its study, Cam- 
bridge, 1917; Underhill, F. P., The lethal war gases, physiology and ex- 
perimental treatment, New Haven, 1920; The Harvey Lectures, 1915-19, 
xiv, 224; Underhill, F. P., and Ringer, M., J. Am. Jfed. Assn., 1920, Ixxv, 
1531; Marriott, W. Melk., Am.J. Dis. Child., 1920, xx, 461; Underhill, F. P., 
and Greenhouse, B., J. Uvrol., 1921, vi, 83; Rowntree, L. G., Physiol. 
Rev., 1922, ii, 116; Underhill, F. P., and Ringer, M., J. Pharmacol. and 
Exp. Therap., 1922, xix, 163, 179; Underhill, F. P.. and Errico, L., 
J. Pharmacol. and Exp. Therap., 1922, xix, 135. 
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varving from 5 to 8 days. During this interval blood concentra- 
tion changes were followed three times daily by estimation of 
hemoglobin content of blood (method of Cohen and Smith) ob- 
tained by puneture of an ear vein. Previous investigations from 
this laboratory have demonstrated that such estimations furnish 
2 reliable guide for this purpose. Urine volume was determined 
dailv by catheterization. When blood concentration had seemingly 
reached a maximum water was offered to the animals and they 
were allowed to drink until satisfied. Hemoglobin estimations 
were then made at short intervals. During the course of the 
water deprivation the animals were quiet and apathetic and lost 
weight very rapidly. After water and food were resumed the 
dogs quickly regained their weight and normal condition. 


The Influence of Short Intervals of Water Deprivation upon Changes 
in Blood Concentration. 


During the progress of this investigation Keith? reported marked 
changes in blood volume in dogs deprived of water for periods 
varying from 2 to 4 weeks. Hemoglobin was usually but not 
invariably increased. Blood pressure was also at times markedly 
_lowered. Administration of food and water resulted in a rapid 
increase in the amount of circulating plasma, a fall in hemoglobin 
and a decrease in the viscosity of the whole blood, plasma, and 
serum. The demonstration of a decrease in the volume of the 
circulating blood offers an explanation for similar clinical conditions 
such as chronic shock-like states and atrophic infants. It also 
affords an experimental method for the study of rational therapy 
in such cases (Ixeith). 

The results of the present investigation are presented graphi- 
cally in Charts 1 to 4 inclusive. Hemoglobin estimations are 
given in percentages of the normal hemoglobin values. I’rom 
these graphs it is quite apparent that blood concentration changes 
become significant. The average increased concentration begins 
early in the period of water deprivation and gradually rises to a 
fairly well defined maximum which is not exceeded during the time 
interval of this investigation. The daily values for hemoglobin 
content fluctuate greatly which perhaps may indicate an attempt 


2 Keith, N. M., Am. J. Physiol., 1922, lix, 452. 
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Cuart 1. The influence of water introduction upon hemoglobin of the 
blood of animals deprived of water. 
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Cuart 2. The influence of water introduction upon hemoglobin of the 
blood of animals deprived of water. 
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Cuart 3. The influence of water introduction upon hemoglobin of the 
blood of animals deprived of water. 
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Cuarr 4. The influence of water introduction upon hemoglobin of the 
blood of animals deprived of water. 
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on the part of the organism to maintain constant the concentration 
of the circulating medium. <A point of considerable significance is 
the maximum level of blood concentration attained. In previous 
expericnce® it has been shown that blood concentration exceeding 
25 per cent above the normal is attended by grave symptoms and 
that a level maintained at 40 per cent or more is usually followed 
by death. In this connection it is quite evident that the results 
obtained in the present communication fall in line with this 
general statement. Levels of blood concentration considerably 
above 25 per cent of normal were reached but were not maintained 
for appreciable periods. This fact emphasizes the large factor of 
safety possessed by the organism in regulation of the water 
balance. It is quite probable therefore that grave detrimental 
effects are not to be expected from water deprivation until this 
factor of safety in water regulation has been exceeded. If the 
assumption is correct that levels of blood concentration exceeding 
40 per cent of the normal are attended by marked evidences of 
abnormality then it is probable that this factor of safety breaks 
down when blood concentration is maintained at a level greatly 
exceeding 40 per cent of the normal value. 

Although the fact that water deprivation appreciably increases 
blood concentration, is of great significance clinically, of even 
greater importance is the observation presented in the appended 
charts, that introduction of water into the system of an animal 
with concentrated blood will rapidly cause blood concentration to 
resume a level near the normal. Such observations indicate proper 
methods of therapy in conditions associated with highly concen- 
trated blood. It is well known that blood concentration is altered 
little, if at all, by the introduction of large volumes? of water into 
normal individuals, the organism tending to maintain a constant 
circulating fluid. It would seem quite reasonable to assume that 
the introduction of large volumes of fluid into the normal organism 
would be promptly excreted, the excess fluid being of no special 
value. On the other hand, it is just as reasonable to assume that 
in conditions where water in the body has been greatly diminished 
introduced water should be retained in order to restore blood 


*Underhill, F. P., The lethal war gases; physiology and experimental 
treatment, New Haven, 1920. 
* Haldane, J.S., and Priestley, J. G., J. Physiol., 1915-16, 1, 296. 
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volume to a normal status. Such a fact emphasizes the error 
of applying observations obtained under normal circumstances 
to conditions in which disturbed metabolic processes play a role. 
Water introduced into a normal individual will not materially 
alter blood concentration, introduced into an animal with highly 
concentrated blood water will cause blood concentration to be 
reduced to a level near the normal. These facts further emphasize 
the rational type of treatment to be followed in conditions asso- 
ciated with concentrated blood as already indicated for war gas 
poisoning? and certain types of influenza.° 


CONCLUSIONS. 


Short intervals of water deprivation significantly increase the 
blood concentration of dogs. The degree of concentration at- 
tained under the experimental conditions indicates a great factor 
of safety on the part of the organism in the regulation of water 
balanee since dangerous levels of blood concentration were not 
maintained nor were abnormal symptoms in evidence. 

Water introduction in animals with concentrated blood produces 
a return of blood concentration to a point approximating the 
normal. 

These observations indicate the type of therapy adequate in 
conditions associated with concentrated blood and lend support 
to the therapy advocated previously by Underhill in war gas 
poisoning and in certain types of influenza. 


5 Underhill, F. P., and Ringer, M., J. Am. Med. Assn., 1920, Ixxv, 1531. 
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THE EXCRETION OF ACID AND AMMONIA. 


By ROGER Ss. HUBBARD anp SAMUEL A. MUNFORD. 


(From The Clifton Springs Sanitarium, Clifton Springs, New York. 
(Received for publicaton, August 19, 1922.) 


In an investigation of the relationship between the alkaline tide 
in urine and the oceurrence of free hvdrochlorie acid in the stomach 
as shown by fractional gastric analysis, a preliminary report of 
which has been given elsewhere (Hubbard and Munford, 1922), 
certain facts were observed regarding the excretion of ammonia 
which led to the present study: cases which showed an absence 
of free hydrochloric acid in the gastric juice showed a high degree 
of constaney of both hydrogen ion concentration and ammonia 
in specimens of urine collected at different times in the day. 
This observation is not new; Schittenhelm (1903), Loeb (1905), 
and Gammeltoft (1911) have reported similar findings in various 
clinical conditions associated with anacidity, and have shown that 
ammonia exeretion varies after meals. Recently, Campbell 
(1920), who has summarized the earlier literature upon this sub- 
ject, has shown that the excretion of acid and ammonia vary to- 
gether after meals. In the paper presented here a statistical 
study of a series of results has been made to find out: (1) to what 
degree ammonia excretion varies with the acidity of the urine; 
(2) what influence the volume of the urine has upon the excretion 
of ammonia; (3) whether any relationship found is between the 
ammonia present in urine and the reaction or the amount of acid 
present; (4) is any relationship noted primarily between acidity 
and the amount of ammonia present, or acidity and the concen- 
tration of ammonia; and (5) what is the influence of volume of 
urine excreted on the relationship between acidity and ammonia. 

The literature upon the alkaline tide in urine is extensive, and, 
as it has recently been reviewed by Campbell (1920) and Fiske 
(1921), it will not be summarized here. ‘Two views have been 
advanced as to the cause of the alkaline tide, one that it is due to 
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the secretion of hydrochloric acid by the stomach and subsequent 
reabsorption of the acid in the intestines, recently restated and 
defended by Campbell (1920), and supported by the work of Ben- 
nett and Dodds (1921) on the relationship between gastrie acidity 
and alveolar earbon dioxide tension, and one that it is due to 
changes in the respiratory activity which would lead to a condition 
of acidosis were they not compensated for by the secretion of a 
urine more alkaline than usually by the kidney (Leathes, 1919). 
The constancy of urine reaction found in cases showing an absence 
of free hydrochloric acid in the gastric juice (Hubbard and Mun- 
ford, 1922) would favor a gastrie rather than a renal source of the 
alkaline tide. 

Many writers, besides those already referred to, have called 
attention to the relationship between reaction and ammonia 
excretion. Hasselbalech (1912, 1916) in particular, has discussed 
the simultaneous variation of these two urinary constituents after 
meals, and has studied the effect of differences in diet upon them. 
He noted that the ratio between ammonia and total nitrogen in 
the urine varied with the hydrogen ion concentration, and plotted 
curves to illustrate the relationship (Hasselbalch, 1916). In the 
same paper he stated that the values of this ratio corresponded 
more closely with those of the hydrogen ion concentration than 
did either the concentration of the ammonia or the amount ex- 
ereted in an hour. Confirmation of the existence of a relationship 
between ammonia excretion and the reaction of the urine is fur- 
nished by the work of Collip and Backus (1920) and of Grant and 
Goldman (1920). They investigated the effect of foreed respira- 
tion upon various factors which might be influenced by an induced 
acidosis or alkalosis, and found that the urine became less acid and 
the amount of ammonia exereted decreased as a result of their 
experiments. : 

Among papers which have dealt with the influence of fluid 
intake, with consequent increase of volume of urine excreted, 
upon the elimination of ammonia are those of Wills and Hawk 
(1914) and Wilson and Hawk (1914). These authors showed that 
the amount of ammonia excreted in a day varied with the amount 
of water taken. Ivy (1918) investigated the influence of fluid 
intake upon ammonia excretion, of gastrie secretion upon ammonia 
excretion, and of fluid intake upon gastric seeretion. He worked 
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with normal human subjects and with dogs, and showed that 
secretion of hydrochlorie acid by the stomach and its subsequent 
reabsorption regularly influenced the excretion of ammonia, but 
that increased excretion of water did not always do so. He 
believed that unless water was so given that it influeneed the 
secretion of hydrochlorie acid by the stomach it had no influence 
upon the excretion of ammonia. 

Comparisons of urinary acidity and ammonia excretion after 
the administration of acids and alkalies have been made often. 
A paper which bears directly upon some aspects of the problem 
under consideration is that of Marriott and Howland (1918). 
They fed equivalent amounts of dilute hydrochloric acid and mix- 
tures of phosphates of different hydrogen ion concentrations to 
three normal human subjects, and found that the acid increased 
the daily elimination of both the titratable acid and ammonia, 
that solutions of acid sodium phosphate increased the elimina- 
tion of acid only, and that phosphate solutions which had a pH 
of 7.4 increased the amount of acid and decreased the amount of 
ammonia excreted. These experiments show that titratable 
acid and ammonia are not necessarily related to each other. In 
experiments under normal conditions, however, there may be some 
relationship between amounts of acid and amounts of ammonia 
excreted. Campbell (1920) has commented upon such a rela- 
tionship in his paper upon the alkaline tide, and Fiske (1920) 
has discussed variations in the ratio between the amounts of am- 
monia and sulfate excreted because sulfuric acid is one of the acids 
neutralized by ammonia in the body. He showed that the values 
of this ratio varied with the hvdrogen ion concentration of urine. 

The figures discussed in this paper were obtained from a series 
of twenty-one experiments carried out on nineteen subjects who 
did not show clinical or metabolic symptoms of acidosis; six of 
them gave gastric analyses typical of anacidity. In each experi- 
ment specimens of urine were collected every 2 hours from 7 a.m. 
to 7 p.m., and a single specimen was collected from 7 p.m. to 7 
a.m. of the following day. All specimens were analyzed as soon 
as possible after they were collected, except that in some instances 
specimens collected in the evening were put on ice and were an- 
alyzed the next morning. The determination of the hydrogen 
ion concentration was carried out by a colorimetric method es- 
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sentially the same as that recently deseribed! by Marshall (1922), 
the titratable acid was determined by the method of Folin (1916), 
and the ammonia by that of Folin and Bell (1917). Gastrie anal- 
vses were made by the fractional method of Rehfuss, Bergeim, 
and Hawk (1914). Typical protocols of three experiments. one 
on a normal subject and two on cases of anacidity, are given in 
Table I. One of the eases of anacidity showed marked differences 
in the amount of urine secreted in an hour, while the volumes of 
the specimens obtained from the other case did not vary much. 

In studying the results, it seemed best to consider each experi- 
ment separately, and not combine all the results from all the 
experiments, to avoid variations in the elimination of acid and 
ammonia by different individuals. Inspection of the data showed 
that there were relationships between ammonia excretion. acid 
exeretion, and the volumes of the urine specimens, but that these 
relationships were not definite enough to be expressed in anv 
simple mathematical or graphic way. The data were subjected 
instead to statistical analysis. 

The effect of the different factors upon the excretion of ammonia 
and on each other was first studied in the following way. Each 
factor in turn was regarded as an independent variable, and the 
results obtained on cach experiment were arranged in order of the 
changes in that factor. For example, all the results in each ex- 
pernment were arranged in order of their volumes from highest to 
lowest. The total number of urines obtained in each complete 
experiment was seven? (in two of the experiments patients were 
unable to void at the end of 2 hours) and arranged in this way each 
experiment gave 21 pairs of determinations in which any one fac- 
tor varied. The number of those pairs in which other factors 
increased or decreased with the independent variable was counted, 


‘The specimens were collected in jars which contained a smal! amount 
of toluene. No especial precautions similar to those recently described by 
Marshall were taken, and the results of the determinations of the hydrogen 
ion concentrations are subject to such corrections as have been described 
by him. | 

2 Tt was thought at first that only those specimens collected at 2 hour 
intervals during the day should be studied, but the specimens collected 
during the night were found to be comparable with the others and they 
have been included. The results did not influence the figures appreciably 
except to increase the number of determinations available for comparisons. 
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and the result, expressed in terms of percentage of the total pairs 
~ was recorded in Table II. In this table the effect of different de- 
grees of difference in the values of the independent variable are 


also shown. 
TABLE I. 


Gastric. Urine. 


0.1 N aeid. 
Volume pH 


| 
| 0.1 wn in 100 ce. | 
| 


| 

Time. Time. per | Ammonia N. | 

HCl | Total. | 10 Potal 

a.m. | cc cc | 100 ec. | | 
Res. , 0 6 | 7-9 am.| 7815.5 | 20.0! 15.6| 14.3! 11.2 
1 * 8415.7 | 15.7113.2| 7.2] 6.05 
9.15; 4 | 21 | 11-1 pm.| 5.9 | 20.0/ 19.8] 13.2 | 26.1 
9.30; 19 35 1-3 “ | 5.3 | 27.8 | 18.4| 2.9} 19.1 
33 | 481 35 “ | 91/61 | 16.9| 15.3 | 14.1 | 12.3 
10.00 37 69 5-7 “ 44) 5.45 | 27.8 | 12.1 | 31.2 | 13.6 
10.15 40 | S81 7-7 a.m. 35 «5.6 33.9 | 12.0} 15.1 | 18.2 


Res. | O | 6 | 7-9 am.}| 39] 5.1 | 29.0] 11.3 | 40.0} 31.9 
9.30; 10 | “ 10 | 4.9 | 36.5 | 14.4 | 59.1 | 46.6 
9.45 0 | 11-1 pm. | 192] 5.2 | 12.5 | 47.8 | 13.2 | 25.3 
10.00 0 5 1-30“ 143 | 5.1 | 15.4 | 37.7 | 20.8 | 25.5 
10.15 O sie * 208 | 5.25 | 10.5 | 21.9 | 12.1 | 25.0 
10.45 173 | 5.4 | 10.0} 17.3 | 12.1 | 41.5 

7-7 a.m. $2 | 5.2 | 15.4 | 12.6] 11.6 | 9.50 
Res. 0 4 | 7-9 am. IS 5.3 | 51.4 9.00 | 26.8 4.70 
9.15 | 9 | 911 “ 14 | 5.35 | 44.7] 6.70 | 31.8 8.90 
9.30 0 7 | 11-1 p.m 16|5.2 | 44.4] 7.10 | 44.7) 7.15 
10.00; Oj; 10 | 13 27 | 5.4 | 47.6 |12.9 | 31.1 | 16.8 
29 | 5.45 | 47.8 |13.9 | 30.7 | 8.90 

5-7 “ | 10| 5.3 | 56.1 | 5.61 | 37.0] 3.70 

77 am. | 34; 5.5 || .2 | 18.0!) 6.13 


| | 


Reference to the first part of Table II will make this method of 
analysis clear. There were 399 pairs of determinations in which 
the volume varied; in 74 per cent of them the hourly excretion of 
ammonia increased when the volume inereased, and in 65 per 
cent the concentration of ammonia decreased as the volume in- 
creased. There were only 281 pairs which showed differences 


| 10.45 | 33 | 58 | 
11.15; O | 10 | 
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in volume greater than 10 ce. per hour, and in 76 per cent of these 
the ammonia excretion varied directly as the volume, while in 
71 per cent of these the ammonia concentration varied inversely 
as the volume. 


TABLE II. 
Independent variable. | Dependent variable 
Ammonia. Acid 
| 
Kind. Variation. 'Pairs.| pH | 2 | 
| | 
3 = 
| | lole 
per per per per per : 
| cent | cent | cent cent) cent 
| 
Volume. | All pairs. «87 | 65 TA OA 
than 10 ce. perhr. 281 62) 71) 76 6858 
| | | 
Reaction. | All pairs. — B65 72 | 59 | 78 | 72 
than 0.2 pH. 238 79 65) SL} 78 
| 130 90 | 77 | | 86 
| 
Acid concentration. | All pairs. B87 | 74) 75 55 | 
than 10 per cent.) 353 | 74. 79) 54 | 
“ 95 282 | 83 | 79 | 54 | 
| j j 
Total acid. | All pairs. 398 | 66 64. 73 | 
than 10 per cent. 353 | 64.) 66) 72 | 
| sé 95 4“ 257 72 | 70 | | 
| } | | 
All dependent variables vary directly with the independent ones except 
the concentrations of ammonia and acid, which vary inversely as the volume. 
Figures for hydrogen ion concentration compared with volumes show actual 
increases in the hydrogen ion concentration as the volume decreases. 
Ammonia and acid excretion and concentration increase as the hydrogen 


ion concentration increases. 


The first part of Table II shows: (1) that urine ammonia. 
whether expressed as concentration or rate of elimination, varies 
with the volume climinated; (2) that the amount of acid eliminated 
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does not vary with the volume; (3) that the hydrogen ton eon- 
centration of urine has a slight tendency to increase as the volume 
decreases, but that the differences are so slight that it is not safe 
to draw any conclusions from the figures. The second part of 
the table shows that variations in both acid and ammonia elimi- 
nation whether expressed as concentrations or as amounts ex- 
ereted, vary with the hydrogen ion concentration, but that there 
is better agreement between the reaction of urine and the con- 
centration of ammonia than between the reaction and the amounts 
of ammonia eliminated. The third and fourth parts of the table 
show that differences in the ammonia and acid elimination agree 
‘with each other, but that they do not agree better than would 
be expected from the relationship both show to the hydrogen 
TABLE III. 
Reactions vary 0.2 pH or less. 


Variable. Difference. | No. | ee A mous of 
per cent | per cent 
Volume. All pairs. 155 S9 71 
” More than 10 ee. 93 G4 7 
Acid. All pairs. 150 77 
we More than 10 per cent. 124 S6 
| 


ion concentration of urine. The most striking facet shown by the 
table is the slight effect which changes in volume have upon the 
amount of acid excreted. 

In Table III are recorded variations in the amounts of ammonia 
and of acid eliminated when the hydrogen ion concentration is 
constant within 0.2 pH (this represents the probable limit of ae- 
curacy of the determination on samples of urine collected as these 
were (Marshall, 1922)) and the volume varies. The table shows 
that, under such conditions the rate of ammonia excretion varies 
(qualitatively) almost directly with the volume, but that the rate 
of acid excretion does not. The table also shows that, when the 
reaction of the urine is constant, the excretion of ammonia varies 
more closely with the volume than it does with the amount of 
acid exereted. 
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Table IV shows the results of studies upon the concentration 
of acid and ammonia when the volumes of the samples did not 
differ from each other by more than 20 ee. Both vary to about 
an equal degree with the reactions of the specimens, but there is 
no better agreement between the ammonia concentration and the 
acid concentration than there is between the ammonia con- 
centration and the reaction. A similar table to the one given 
was constructed based on the pairs which showed agreement within 
10 ce. and the figures were essentially the same as those given in 
Table IV. From the studies discussed above it is evident that 
the ammonia excretion varies with the volume and reaction, 


but not with the amount of acid excreted; this corresponds with 


the experimental results of Marriott and Howland (1918). 


TABLE IV. 


Volumes vary 20 ce. or less. 


Concen- | Concen- 
Variable. Difference. | No. tration of | tration of 
| ammonia.; acid. 
| per cent per cent 
Reaction. | All pairs. | 172 65 64 
More than 0.2 pH. | 91 75 79 
“« * 41 96 90 
Acid concentration. — All pairs. 192 67 
3 " |More than 10 per cent. 163 70 


In Table V conditions under which ammonia and acid excretion 
are constant are given. In each experiment the number of pairs 
which agreed with each other within 10 and 25 per cent were 
counted, and the results compared with increasing constancy of 
volume and hydrogen ion concentration of the specimens. That 
changes in acid excretion and ammonia excretion are not directly 
related to each other is shown in this table, for, while the constancy 
of ammonia increases as the constancy of volume increases, that 
of acid does not; and while the constancy of both acid and am- 
monia concentrations increase as differences in reaction become 
less, the increases are distinctly more marked in the case of the 
ammonia concentrations. 


& 
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The data presented in Table V furnish an opportunity for com- 
paring the relationship of volume and reaction to concentration 
and rate of ammonia excretion, respectively. The table shows 
that the constancy of both increases as differences in volume 
decrease, and that constaney of concentration increases more 
as the volume diminishes than does the constaney of the amount 
of ammonia eliminated. Decreasing differences in the hydrogen 
ion concentration of urine is accompanied by little if any change 
in the constancy of the amount of ammonia eliminated, but by a - 
great increase in the constancy of the concentration at which it is 


eliminated. 
TABLE V. 


‘Total pairs, Ammonia. Acid. 


Me. per 100 
ee. within 


Mg. perhr. | Mg. per 100 | Me. per hr. 
within | ec. within within 


| 
10 per | 25 per | 10 per | 25 10 per) 25 per 10 per 25 per 
cent | cent | cent | cent cent | cent | cent | cent 
| per | per | per ! per | per | per per | per 
, Cent cent | cent rent | cent cenl cont | cent 
All pairs. | 46; 2 | 43 | 14 | 13| 15) 37 
Within 0.5 pH. | 273; 31 | S57 | 13 46; 14| 37! 13| 46 
| 153} 35 | 69 | 12 | 48} 20] 48] 20) 45 
Within 20 ce. IS; oo | 61 iv | 48 16 | 38 18 | 43 
*. | 127] 36 | 70 | 


} | 


In Table VI the constancy of ammonia concentration and ex- 
cretion when volume and reaction do not vary is studied further. 
In the first part of the table all pairs which showed variations of 
volume less than 10 ee. are subdivided into those the hydrogen 
ion concentration of which varies by 0.2 pH or less, by 0.5 pH 
or less, and by 1.0 pH or less. In the second part all pairs which 
showed variations of hydrogen ion concentration of 0.2 pH or 
less are divided in a similar way according to the constancies of 
their volumes. The table shows the following relationships be- 
tween the independent variables, constancy of volume and reac- 
tion, and the dependent variables, constancy of ammonia con- 
centration and excretion; there is greater constancy of ammroni: 
concentration than of ammonia excretion throughout both parts 
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of the table, even when both the reaction and the volume are con- 
stant; constaney of volume without constaney of reaction is 
accompanied by greater constancy in the amount of ammonia 
excreted than is the opposite condition; constancy of ammonia 
concentration varies more nearly with the reaction than with the 
volume, for if the hydrogen ion concentration is constant, only 
rather marked changes in volume variation are accompanied by 
significant changes in the constancy of ammonia concentration. 
(See figures for volumes within 10 and 20 ce. in the table showing 
pairs having hydrogen ion concentrations within 0.2 pH.) 

TABLE VI 

All Cases. 


Description of pairs. Ammonia. 


Mg. per 100 | Mg. per hr. 


| | ee. within within 
Variable. Difference. | No. | 
| | “10 per) 25 per 10 per | 25 per 
| | cent cent | cent | cent 
per per per | per 
cent cent cent | cent 
Volume within 10 ec. | All pairs. | 127 | 36} 70| 20| 58 
pH in 1.0. men 39 73 21 | 61 
100 44 SO 22 | 65 
| 
All pairs. 1153 | 35 | 12 48 


Within 0.2 pH. 


0.2 


| 
Volume in 100 ce. 142 


38 | 73| 13} 49 


0.2 « oO | 85 416 1S 69 


The values of the hydrogen ion concentration and of other 
factors may change during the periods which correspond to the 
collection of samples of urine. Cases of gastric anacidity show a 
high degree of constancy in the reaction of different samples of 
urine, and probably do not show such great changes during the 
periods of collection as do other types of eases. Material from 
cases showing gastric anacidity should show a closer correspond- 
ence between reaction and any constituent which varies with 
reaction than does material from unassorted cases, and tables 
paralleling those given have been prepared from the data obtained 
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from the six cases of anacidity studied. Table VII was prepared 
in the same way as was Table VI, but contains determinations on 
these six eases only. This table shows the same relationships 
-~which were shown by the preceeding table, but shows them present 
‘in a more marked degree. Ammonia concentration shows great 
constaney when the hydrogen ion concentration is constant, and 
only large differences in volume (more than 50 ec. per hour) 
markedly reduce this constaney. Ammonia concentration also 
increases in constancy as the volume differences become smaller, 
even when the reaction remains constant; this change is not as 


TABLE VII. 


Cases of Anacidity. 


Description of pairs. Ammonia. 
| 

Mg. per 100 | Mg. per hr. 

ec. within within 

Variable. Description. | No. 

| 10 per | 25 per | 10 per | 25 per 
cent | cent | cent | cent 
per per per per 
cent cent cent cent 
Volume within 10 ec. All pairs. 56} 48 | 86) 23) 68 
pH in 0.5. 58} 92; 25); 69 
38 | 61 | Zi & 
Within 0.2 pH. All pairs. 7 41; 81! 10)! 50 
Volume in 100 ce. 71, 87) 13! 55 
| 200 | 52); 98 70 
0.2 10 38 61 97 99 | 


marked as the other, however, and, as a matter of fact, no pairs 
agreed within 25 per cent when the difference in hydrogen ion 
concentration was more than 0.5 pH, and none agreed which 
showed a difference of more than 0.3 pH, except when the volumes 
of the specimens varied 10 ee. or less. A comparison of the figures 
for ammonia concentration with those for the amount of ammonia 
excreted, shows clearly that the constancy of ammonia excreted 
does not primarily vary with the reaction, for there is good agree- 
ment with the hydrogen ion concentration only when the volumes 
of urine are also equal, and even then there is not as good agree- 
ment of the values as there is of the values of the ammonia con- 
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centration. The equality under these conditions—like concen- 
trations and like volumes—is inevitable. 

The relationship between hydrogen ion concentration and 
volume on the one hand, and ammonia excretion on the other, is 
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Differences in volume 


Cuart 1. Equal amounts of ammonia excreted. 


shown in the charts. In Chart 1 the volume differences and hy- 
drogen ion differences of each pair of determinations (from all 
the cases studied, not from the cases of anacidity alone) which 
showed an agreement of the amount of ammonia excreted within 
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10 per cent is shown; Chart 2 gives the corresponding values 
for pairs which showed the same constancy of ammonia concen- 
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Cuart 2. Equal concentrations of ammonia. 


Chart 2 shows clearly that there is a definite relation- 


ship between the volume and hydrogen ion concentration on the one 
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hand, and the constaney of the concentration of ammonia on the 
other, while Chart 1 shows that there is no such relationship of con- 
stancy of ammonia exereted except when both volume and reaction 
are constant. 

Study of the tables and charts shows: (1) that ammonia ex- 
cretion varied with the acidity of the urine; (2) that ammonia 
excretion varied with the volume of the urine excreted; (3) that 
the excretion of ammonia varied with the reaction of the urine, 
and that the amount of acid excreted did not directly affect its 
excretion; (4) that the agreement between changes of reaction and 
ammonia excretion was primarily between hydrogen ion concen- 
tration and the concentration of ammonia, not between hydrogen 
ion concentration and the amount of ammonia excreted; and (5) 
that large differences in volume led to a diminished agreement 
between the reaction and the concentration of the ammonia, while 
very small! differences in volume sometimes were accompanied by 
concentrations which agreed more than the differences in the rene- 
tion would have indicated. 

Do the results presented accord better with the theory recently 
discussed by Nash and Benedict (1921) that the kidney itself 
makes the ammonia which it excretes, or with the theory that it 
is produced elsewhere in the body? Explanations of the findings 
could probably be made based upon either theory, but the fact 
that it is the ammonia concentration, rather than the amount of 
ammonia excreted which varies with the reaction of the urine, 
appears to favor the theory that it is the kidney which is the source 
of ammonia. If the ammonia were produced elsewhere under 
the same stimulus which produces variations in the reaction of 
urine, a correspondence between that stimulus and the amount of 
ammonia produced would be expeeted, and a correspondence 
(modified to some extent by changes in the hourly rate of urine 
excretion) between the hydrogen ton concentration and the amount 
of ammonia excreted would result. Instead, there is agreement 
primarily between this stimulus (measured by the reaction of the 
urine) and the concentration of ammonia, modified only when the 
differences in volume are very large or very small. Since am- 
monia is much more concentrated in the urine than it is in the 
blood, and so cannot be classed with those diffusible compounds 
which show close agreement between the concentrations in blood 
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and urine (Widmark, 1920) this agreement between hydrogen 
ion concentration and ammonia concentration seems to correspond 
with what would be expected if the kidney produced ammonia 
rather than with theories that it is produced elsewhere in the or- 
ganism. No matter which theory of ammonia formation is 
accepted, the facts presented in this paper tend to show that if 
the volume of the urine can be increased in some way which does 
not lead to changes in the hydrogen ion concentration of the urine, 
or rather of the factors which control the hydrogen ion concentra- 
tion of the urine (ingestion of water may do so by inducing a 
secretion of gastric juice (Bergeim, Rehfuss, and Hawk, 1914)) 
the amount of ammonia climinated will be inereased. 
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The general problem of which the present paper attempts to 
solve a portion has been outlined in the first of these studies 
(1). The objects of the present work have been to determine 
quantitatively, on solutions of hemoglobin free from other pro- 
teins, the following data. : 

1. The amounts of base bound by oxyhemoglobin and redueed 
hemoglobin, respectively, at normal blood pH. | 


2. The changes in the base bound by oxyhemoglobin and re- 
| dB 
duced hemoglobin with changing pH (the bulfer valuc, anit in 


the sense outlined by Van Slyke (2)). 

3. The nature of the curve relating oxvgen increase to the in- 
crease in base bound at constant pH that occurs as reduced hemo- 
globin adds varying amounts of oxygen. 

The unsatisfactory state of the present knowledge of the base- 
binding and buffer values of hemoglobin may be seen by referring 
to previous theoretical papers (2, 3) in which data for only the 
roughest approximate estimations were found available. 

The inerease in blood of the COv-replacing power (which is 
equivalent to increase in base-binding power) of hemoglobin 
when changed from the reduced to the oxygenated form was 
discovered by Christiansen, Douglas, and Haldane (4) and its 
physiological significance in the CO.-carrying power of the blood 
was clearly pointed out. These authors published a single pair 
of curves, one of oxygenated, the other of reduced blood, obtained 
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by saturating samples of blood drawn at differcnt times from the 
same individual. The blood was analyzed by methods which, as 
pointed out in our first paper (1), like those used by ourselves 
until the requirements of the present work foreed the develop- 
ment of refinements, were adequate only to give approximate 
knowledge of the magnitude of the changes involving as a maximum 
6 or 7 vclumes per cent of CO:.. Up to the present the single pair 
of curves, published by Christiansen, Douglas, and Haldane 
and a similar pair published by Joffe and Poulton (5) have remained 
almost the entire experimental basis of knowledge concerning the 
mutual effeets of oxvgen and carbon dioxide tensions in the blood. 
Concerning the nature of the intermediate relationships (7.e. 
whether the first portion of oxygen taken up by redueed hemo- 
globin has more or less effect on its base-binding power than the 
last portion), Christiansen, Douglas, and Haldane have tacitly 
assumed, in their calculations explaining the physiological signifi- 
eance of the phenomenon, that the change is a linear one, the first 
portion of oxygen taken up having the same relative effect in 
CO. replacement as the last. The same assumption has been 
made by L. J. Henderson (6), Van Slyke (3), and Peters, Barr, 
and Rule (7), although admittedly without experimental basis. 
The assumption is in fact an essential part of Henderson’s 
theory explaining the Oo-CO. effect on hemoglobin by assuming 
that the oxygenated form is an acid, HHbOs, with a greater dis- 
sociation constant than the reduced form, HHb. If this is the case 
the proportion of alkali bound by each form is, at a given pH, 
(HHbO,] 
° [BHbO,] 


fixed in accordance with the equation Ht = 


Hb) 
H+ = K’p so, Ko and Kp representing the dissociation con- 
[BHb] 
stants of the carboxyl groups of oxygenated and reduced hemo- 
globin affected by the change in oxygenation. Under these 
conditions, at a given pH, the alkali bound by hemoglobin would 
change in exact proportion to the oxygen taken up, the ratio 
dB 
d{HbO.] 
The data in the present paper confirm the above assumptions as 
to the straight line form of the curve relating changes in oxygen to 
changes in base bound by hemoglobin. 


at a given pH being constant. 
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We have found that satisfactory settlement of the questions 
outlined in the introduction, but especially of the third, demanded 
technique of a different order of accuracy from that available when 
the problem was at first attempted. Finally with the develop- 
ment of Heidelberger’s method (8) for preparing readily and in 
large amounts erystalline hemoglobin practically electrolyte- 
free, with the attainment of an accuracy of about 1 part in 500 
in blood gas analyses by means of the “constant volume” ap- 
paratus (9), and with the evolution of the general technique for 
saturation and handling of blood and hemoglobin solutions out- 
lined in the first paper, especially the use of the double-chambered 
tonometer deseribed there under the “first saturation method,” 
our technique became refined in the necessary points to such a 
degree that reproducible quantitative results could be obtained, 
It will be seen that the added errors of manipulation and of the 
three analyses involved, v7z., blood O., blood COs, and CQO, ten- 
sion in the final gas mixtures, cause deviations on the average 
of not over 0.1 mm. of BHCOs; (0.2 volume per cent of COs), 
from the mean linear curve, although cach experiment shows 
one or two points with somewhat wider deviation. 


EXPERIMENTAL. 


The hemoglobin crystals were prepared by Heidelberger’s 
(8) method, and used as soon as possible after they had been twice 
recrystallized. They were dissolved in water to which NaOH was 
added to make the Na concentration indicated in the tables, 0.04 .n 
in Experiment 1, 0.03 N in Experiments 2, 3, and 4. It will be 
seen from the table headings that the preparations all fell some- 
what short of 100 per cent of their theoretical oxygen capacity. 
This is not due to admixture of other substances, but to the 
extreme readiness of hemoglobin to tautomerize in some manner 
and lose some of its ability to bind labile oxygen. If dried, 
even at high vacuum and in the cold, hemoglobin is almost com- 
pletely inactivated, although in solubility and color it still re- 
sembles oxyhemoglobin. Slow loss of activity oecurs even while 
standing in solution. The maximum loss in our preparations 
was one-fifth of the theoretical oxvgen capacity. There is no 
reason to expect such inactivation of part of the hemoglobin to 
affect the alteration of the rest in base-binding power when oxy- 


484 Base Bound by Hemoglobin 


gen is added or lost. The presenee of inactive hemoglobin in 
our preparations, however, increases in a way discussed later, 
the limit of error that must be allowed in estimating the absolute 
amounts of base bound per mol of oxvhemoglobin and reduced 
hemoglobin. 

The hemoglobin was dissolved to make about the same con- 
eentration found in horse blood, about 7 mM. (equivalent to 15 
to 16 volumes per cent of oxygen capacity), and the amount ot 
alkali added was such that the svstem at physiologically normal 
CO. tensions had pH values within physiological limits. 

The saturations were performed at 38° with the double tonom- 
eter elsewhere described (1). Usually 20 or 30 ec. of solution 
were saturated with 300 ce. of gas. The lower chamber of the 
tonometer was filled with solution and clamped off from the 
upper. When low oxygen tensions were desired the upper 
chamber was evacuated with a water pump and washed out three 
times with hydrogen before the final gas mixture was let in. 
After 20 minutes saturation the gas mixture was renewed, in 
order to make certain that the final conditions should approxi- 
mate as closely as possible those desired. After preliminary 
experiments the behavior of the hemoglobin was known well 
encugh to permit rather close prediction of the pH, [BHCQOs], 
and [HbO.] values that would be obtained. 

One of our main purposes was to ascertain the change in alkali 
bound when the oxygen saturation of the hemoglobin was varied, 
the pH being kept constant. It was impracticable so closely to 
control conditions that a series of solutions with varying oxygen 
and CO, tensions should all be brought to exactly the same pH, 
although it could be approximated. Having determined the 
base bound by the hemoglobin at the pH obtained, say 7.27 
instead of a desired 7.30, the base bound at 7.30 was estimated 
by extrapolation. This was performed by determining the slope 
of the B, pH line (B representing the total base bound by hemo- 
globin), by means of several points on completely oxygenated 
solutions with varying CO, tensions. The slope, as shown in the 
following paper, increases with increasing oxvgenation, but the 
change is small enough to permit neglecting it for short distance 
extrapolations. Consequently, lines were drawn through the 
reduced and intermediate points parallel to the line on which 
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the oxygenated points lay, and the intersections of these lines 
with the desired pH line were used to estimate the base bound 
at that pH by hemoglobin oxygenated to the extent ascertained. 
Examples of this mode of extrapolation are seen in Figs. 2a, 3a, 
and 4a. 

From the base bound by hemoglobin thus ascertained at a 
given pH with varying degrees of oxygen saturation a curve was 
drawn showing the relation of oxygen content to the base bound 
at the given pH (Figs. 2b. 3b, 4b). 

The CO. tensions were determined as described in conneetion 
with the saturation method (1) by analysis by Haldane’s method 
of the separated gases in the upper chamber. 

The COs contents of the solutions were determined by means 
of the “constant volume” apparatus (9). The apparatus used 
had a total volume of 100 ce. The gas was measured at 5 ce. 
volume, which could be read with an error not exceeding 1 part 
per 1,000. Samples of either 2 or 3 ce. of solutions were taken, 
and the changes in pressure read were in the neighborhood of 
100 to 160 mm. with 2 ec., and 150 to 240 mm. with 3 ce. samples. 
The accuracy with which duplicates could be obtained may be 
indicated by the, following series, obtained in the course of Ex- 
periment 3 by Neill. Fexpressed in millimols of total CO. the 
results were: 

Saturation 1, 15.40 and 15.31; Saturation 2, 20.17 and 20.12; 
Saturation 38, 22.54 and 22.47; Saturation 4, 22.07 and 22.02; 
Saturation 5, 19.12 and 19.10; Saturation 6, 19.10 and 19.08: 
Saturation 7, 18.80 and 18.70; Saturation 8, 18.93, 18.73, and 
18.76; Saturation 9, 21.50 and 21.45; and Saturation 10, 21.07 
and 21.11. In the above series 2 ec. samples were used. When 
duplicates failed to agree within 0.1 mM. as in Saturation 8, 
a third sample was analyzed. Excluding the one obviously 
faulty first analysis of No. 8, the average difference between 
duplicates was 0.05 mm. Later when 3 ec. samples were used, 
the average error fell to 0.03 mm. which is about 1 part in 500 of 
the values determined. 

For the oxygen determination in the solutions an apparatus 
with a total volume of 50 ce. was used. The pressures were 
measured with the gas volume at 2.0 ee. for oxygenated blood, and’ 
at 0.5 ee. for blood near complete reduction. The oxygen was de- 
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termined from the change in pressure before and after absorption 
with pyrogallol. The maximum deviation of duplicates accepted 
was 0.1 mmM., but analyses were usually repeated if 0.05 mM. was 
exceeded. 

The maximum differenee aceepted in the duplicate Haldane 
analyses of the gas phase was 0.0+ per cent. 

If the difference between duplicates exceeded the values in- 
dicated as acceptable, and other analyses could not be done, the 
results of both duplicates are given in the table. 

In ealeulating pH, if an error of 1 part per 100 occurred in the 
Haldane determination of the COs tension in the gas and of 1 
part per 200 in the CO, determination in the solution, and both 
errors were in the opposite direction, their combined effect on 
the pH{ would be a change of 0.007, which may be taken as the 
maximum error assignable to the estimations of pH ehanges. 
Our curves indicate that the actual error was usually less. 

The sets of analyses in each table are numbered in the order 
in which the solutions were saturated. 


Symbols Used. 


The following, for the most part already familiar, symbols 
are used. [BHCQOs], [HeCQOs3], [COs] for concentration of NaHCQOs, 
H:CO3, and total COs, respectively, in the solutions; [O.] for the 
total oxygen concentration; [HbO.] for the concentration of 
oxygen combined with hemoglobin; [Hb] for the concentration 
of reduced hemoglobin; C for the concentration of total hemo- 
globin in all forms; [BHbO:s] and {BHb] for concentrations of 
univalent base bound by oxyhemoglobin and reduced hemoglobin, 
respectively; B for the total base bound in both forms. All 
these concentrations are expressed in millimolar (mm.) terms, 
the molecular concentrations of C, HbO., and Hb being taken 
equal to that of the maximum oxygen with which the hemoglobin 
is combined or could combine. 

The earbon dioxide and oxygen tensions in mm. of mercury 
are expressed as py, and 

The molecular buffer values of oxyhemoglobin and reduced 
hemoglobin are indicated as 8, and 8,,, respectively. 
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The value ealeulated for the molecular buffer effect is inde- 
pendent of the concentration unit used, as long as the same unit 


is used for both B and C in the ratio In this paper we 


dB 
CdpH 
have for convenience expressed concentrations in millimolecular 
instead of molecular units, but the 8, values are the same as 
when M is the unit of concentration. This is not, of course, true 


dB 

of the ——~ ratio, which when expressed in millimolar terms, as 
dpH 

in this paper, is 1,000 times as great as when expressed as molar 

dB 
units. A —— blood value of 20 in this paper therefore corre- 
dpH 
sponds to one of 0.020 in Van Slyke’s paper on buffers (2). 


Calculations. 


The calculation of [BHCOs] from the total [CO:] and the 
was according to Formula 2, of Table IV, of our first paper (1). 
The caleulation of pH from CO: and po, was made according 
to Formula 3 of the same table. The total base bound by hemo- 
globin, [BHbO,| + {[BHb], was obtained by subtracting the 
([BHCO;] from the total base added. For example, in Table 
III, the total base added was 30.00 mu. The [BHCOs;] in 
Solution 1 was 14.49. Hence the remainder of base, bound 
by the hemoglobin (since no other acids were present), was 
30.00 — 14.49 = 15.51. 


Constants. 
[BHCO,] 
[H2COs3] 
was determined experimentally on several hemoglobin solutions 
by determining in reduced solutions the [HsCO;] and [BHCO] 
as above described, and the pH electrometrically. The results 
given in Table V, indicate, as the average value, pK’ = 6.18. 
The solubility coefficient for COz, agg, = 0.531 (given in Table 
V, first paper (1)), was estimated as follows: Blood, plasma, and 
hemoglobin were acidified to pH 4.3 with HCl and the CO, 
content was determined after saturating with pure CO, at atmos- 


The value of pK’ in the equation pH = pk’ + log 
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pheric tension. The determinations were made on 5 ce. samples, 
which were transferred to the constant volume apparatus without 
exposure to air. The error was about 1 part in 500, and we 
obtained theoretical results for ag, in pure water. For blood 
and plasma we found at 38° a, values 0.501 and 0.531, 
respectively. Each was 0.10 below Bohr’s (10) estimate made on 


TABLE I. 


Crystalline Horse Hemoglobin No. 5. 


Total hemoglobin content of solution..... 7.97 mm. Colorimetric. 
Oxygen capacity of solution.............. ss * 

Xy apacity 


Total hemoglobin content 7 
Conductivity of saturated HbO: solution in H20..4.3 1075 mhos. 
Concentration of NaHCO; added to solution.............. 40 mM. 


Equilibration Data. 


No. Total [COz]. {(BHCOs] [BHbO,} 
mm. mM. mM. mM. 

1 23.3 20.75 20.02 19.98 7.541 
2 26.3 21.40 20.58 19.42 7.50 
3 31.0 2.58 21.61 18.39 7.45 
4 42.4 24.87 23.55 16.45 7.35 
5 41.6 24.80 23.50 16.50 7.308 
6 46.4 25.66 24.21 15.79 7.325 
7 54.1 26.95 25.27 14.73 7.276 
8 55.9 27.31 25.57 14. 43 7.268 
9 61.1 28.00 26.10 13.90 7.237 
10 101.0 32.17 29.03 10.97 7.066 


the assumption that hydrogen and CO, have the same relative 
solubilities in blood as in water. We have reason to believe that 
Bohr’s estimate was close, and that our method, perhaps because 
of hydration of the acidified proteins, gives slightly too low re- 
sults. With 7 mm. hemoglobin plus NaOH to 0.03 N concentra- 
tion we found by our method an a, of 0.521. Adding the 


0.10 correction, apparently inherent in our method, gives 0.531. 


| | 
XUM 
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EXPLANATION OF FIGURES. 


In Figs. 1, 2a, 3a, and +a the relations between pH and base 
B bound by oxyhemoglobin are shown in each case by the slope 
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Fic. 1. From the line through the oxygenated points 1 to 9, doH is 
p 


calculated as 23.0, and Bo as 2.58, 


of the line through the three or more points representing oxy- 
genated solutions. The molecular buffer effect 3, is calculated 


dB 
as Seat where pH is the slope of the line through the oxy- 
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genated points, and C is the concentration of hemoglobin in the 
solution. 

In Figs. 2a, 3a, and +a the effect of varving degrees of oxygena- 
tion on the base bound by hemoglobin at constant pH is shown 
by the levels at which lines through points representing oxygen- 
ated, redueed, and partially reduced solutions cut a given pH 

TABLE II. 
Crystalline Horse Hemoglobin No. 7. 


Total hemoglobin content of solution..... 6.71 mm. Colorimetric. 
7.13 Kjeldahl. 
6.92 “ Mean. 


Oxygen capacity of solution..............5.50 “ 
Oxygen capacity — 


Total hemoglobin content 
Conductivity of saturated solution in H20..3.8 1075 mhos. 
Concentration of NaOH added to solution................ 30 mM. 


Equilibration Data. 


| | = 
| = 
mm. | | mM. | mm. mM. mM. mM 
1 143.1 5.52 5.33 29.5 16.20 15.28, 14.727. 403) 
2 137.5 | 5.25 | 5.07 | 57.3 | 20.72; 18.94, 11.06,7.207}| 12.80 
3 131.8 | 5.18 | 5.01 | 84.3 | 24.01 21.39 8.617.092) 
5* 10.0 1.74 1.73 | 43.7 | 20.48, 19.12) 10.88.7.328 | 10.28 
20.0 3.08 3.05 44.1 20.13) 18.75) 11.257.315 | 10.95 
7 34.5 4.12 4.08 45.0 19.55 18.15 11.85.7.292 11.93 
19.66 18.26 11.747.295 
S 28.4 | 3.86 3.83 | 57.4 | 21.55) 19.76, 10.347.224 | 11.75 
9 5.7 1.05 | 1.04 | 43.2 | 20.78) 19.43 10.57.7.340 9.70 


* No. 4 was lost. 


line. The values indicated by these intersections are given in 
the last columns of Tables II, III, and IV. 

In Figs. 2b, 3b, and 4b, the amounts of base indicated by the 
above deseribed intersections are plotted against amounts. of 
oxygen combined with the hemoglobin. The curves in all three 
eases are straight lines. The values of the molecular increments 
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of base added by the hemoglobin at the given pH per molecular 


dB 
increment of oxvgen are indicated as 
15 
Fig. 2a, Eq if 
Cryst. horse Hp*7 
14 


bO2]+[BHD] 


Fig. 2a. From the line through the oxygenated points 1, 2, and 3, Fo 
is calculated as 18.4, and Bo as 2.66. 

Intersections of lines through the other points with the pH 7.30 line 
indicate effects of varying degrees of reduction in lowering the amount of 
base bound by the hemoglobin. 

The numbers near the points indicate the data in Table II from which 
they are taken. In the last column of the table the amounts of base indi- 
cated by the intersections on the pH 7.30 line are given. 


DISCUSSION OF RESULTS. 


It is convenient to discuss here in their reverse order the three 
questions put at the beginning of this paper. 


| 
/ 
= 
/ / / 
f 
/ / / | 
j / / 
f / / j 
of Pare / 
/ / j { / | | 
"4 ¥ / 7 
/ // / / VA 
/ / / | 
| BE. / 
/ 8 / / | | 
/ 
/ / / 
| / | 


492 Base Bound by Hemoglobin 


The Nature of the Curve Relating Increment of Oxygen Bound to 
Increment of Base Bound by Hemoglobin at Constant pH. 


dB 
As shown by Figs. 2b, 3b, and 4b, the — curve is a straight 
line. 

|__| 
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Fic. 2b. Amounts of base bound by hemoglobin at pH 7.30 compared 
with amounts of oxygen bound. Data from Table II and lig. 2 a. 


dB 


From the slope of the line, d[tLbO.| is caleulated as 0.74. 


The Buffer Value of Oxyhemoglobin over the Physiological pH Range, 
and the Indicated Minimum Number of Monovalent Acid 
Groups Active as Buffers at That Range. 


a. Oxyhemoglobin.—By Figs. 1, 2a, 8a, and 4a the B, pH lines 
for oxygenated hemoglobin solutions are shown to be straight over 
at least the range pH 7.2 to 7.5. The values of the molecular 
buffer ratios were 8, = 2.58, 2.66, 2.68, and 2.63, average 2.64. 
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It has been previously shown (2) that the maximum molecu- 


TABLE III. 
Crystalline Horse Hemoglobin No. 11. 


lar buffer value, 8,, of one monovalent acid group is 0.575. The 


minimum number of acid groups in a polyvalent acid that 
acting as buffers at a given pH is therefore indicated by dividing 


are 


Total hemoglobin content of solution..... 7.73 mM. Colorimetric. 
7.54 “ WKjeldahl. 
7.64 “ Mean. 

Oxygen capacity of solution.............. ae * 


Total hemoglobin content 


Conduetivity of saturated HbO, solution in H20..3.8 & 1075 mhos. 


Concentration of NaOH added to solution 


Equilibration Data, 


| | Ee. 
= a L = =e 
rim. mM. mM. mM. mM. mM. 
1 144.2 | 7.13 | 6.94 | 28.0 | 15.36) 14.49 15.517.401) 
2 138.7 | 7.18 | 7.00 | 55.0 | 20.15) 18.44) 11.56)7.212 
55.8 18.41) 11.59,7.205}! 13.63 
3 135.0 | 6.96 | 6.78 | 72.9 | 22.51 20.24) 9.767.130 
73.4 20.23; 9.77|7.127, 
4 3.2 0.60 | 0.60 | 48.9 | 22.05) 20.53) 9.47|\7.310 | 9.47 
5 14.8 | 3.10 | 3.08 ; 38.6 | 19.11) 17.19) 12.09 7.354 | 11.15 
6 4.51 | 4.48 
99.6 | 4.741 4.71 42.9 | 19.09} 17.75) 12.25.7.304 | 12.35 
7 20.1 | 3.99 | 3.96 | 39.6 | 18.75) 17.52) 12.48'7.333 | 12.00 
8 93.9 | 4.77 | 4.74 | 41.5 | 18.75) 17.46) 12.54,7.311 | 12.50 
9 4.2 | 0.84 | 0.83 | 45.9 | 21.48 20.05) 9.95'7.327 | 9.57 
10 8.8 | 1.54} 1.53 | 45.9 | 21.09) 19.66) 10.347.319 | 10.12 


the observed 6, value by 0.575. If we do this with oxyhemo- 


= 4.6. 


globin we obtain 0875 


It is evident that at least five 


buffer groups in the hemoglobin molecule are active over this 


range. 


4 
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By “active” is meant that they are partially, but only partially, 
eombined with alkali. The maximum buffer effect is exerted 
when a buffer acid is combined with half an equivalent of base 
(2). If there were five groups, cach exerting maximum buffer 


value at a given pH, they would bind altogether 2.5 molecules 


16 }+—--—-—- 
Fig.da,Fq ‘2 


Cryst. horse Hb* 11 


[Bib] + [BHno.] 


dB 
Fic. 3a. From the line through the oxygenated points 1, 2, and 3, dp 
p 


is calculated as 20.2, and 8o as 2.68. 

Intersections of lines through the other points with the pH 7.31 line 
indicate effects of varying degrees of reduction in lowering the amount of 
base bound by the hemoglobin. 

The numbers near the points indicate the data in Table III from which 
they are taken. In the last column of the table the amounts of base indi- 
cated by the intersections on the pH 7.31 line are given. 
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of univalent alkali. As a matter of fact it will be shown that 
at pH 7.4 oxyhemoglobin does bind 2.1 equivalents of alkali. 
So it seems fairly probable that six or seven acid groups may be 
acting. That there are Jess than five is exeluded. It is obvious 
that with the alkali distributed among five or more acid groups 
in the hemoglobin molecule it is impossible to caleulate a single 
dissociation constant in the manner applicable to a monovalent 
acid. 


Fid. 3b. Ec 
Eq 
| 
| Cryst. horse 
| 
12 | 
At pH 7.31 | 
=~ =0.69 | | 
d|Hb0.| | | | 
| | | | 
9 
0 l 2 a 5 6 i 


4 


Fic. 3b. Amount of base bound by hemoglobin at pH 7.31 compared 
with amounts of oxygen bound. Data from Table III and Fig. 3 a. 


Irom the slope of the line, is ¢daleulated as 0.69. 


dB 
d{HbOg] 

b. Buffer Value of Reduced Hemoglobin.—Because of an in- 
terruption which will prevent resumption of our experiments 


for several months, we are publishing our other data before the 
dB 
direct determination of the value of 8,,, from the slope of the dpH 


line in reduced solution of crystallized hemoglobin, has been com- 
pleted. In Table VIII of the accompanying paper (11), however, 


| 
| 
| 
| 
| 
| | 
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we have estimated, from accurately determined differences between 
the buffer value of blood in the oxygenated and reduced conditions, 
respectively, that if 3, is 2.64 as determined in this paper, 6, is 2.45. 


Crystalline Horse Hemoglobin No, 14. 
mM. Colorimetric. 


TABLE IV. 


Total hemoglobin content of solution..... 7.20 
— 
Oxygen capacity of solution..............6.387 “ 
Oxygen capacity 


Total hemoglobin content 
Conductivity of saturated HbO, solution in H:O..3.9 mhos. 


Kjeldahl. 
Mean. 


Concentration of NaOH added to solution. ............... 30 mM. 
Equilibration Data. 
g 
| = 
== 
| mim. mM mM. mm. mM. mM. mM. mM 
1 137.6 30.3 | 17.66, 16.72) 13.28,7.428 
2 134.6 6.26 | 6.08 | 31.9 17.95) 16.96: 13.047. 413 13.18 
3 143.9 6.22 | 6.03 | 60.7 | 22.58 20.69 9.317.220 
4 | 34.4 | 5.68 | 5.63 | 33.5 | 18.44 17.40, 12.60,7.403 | 12.90 
5 | 10.6 | 2.77 | 2.76 | 36.9 | 20.47) 19.32) 10.68,7.406 | 10.92 
6 | 2.8 | 0.60 | 0.60 | 37.0 | 21.67) 20.52, 9.487.431 | 9.21 
21.78) 20.63 9.37\7.433 
7 22.1 | 4.87 | 4.85 | 33.2 | 18.70) 17.67) 12.33)7.433 | 11.95 
18.87) 17.84 12.16,7.437 


The Base Bound by Oxyhemoglobin and Reduced Hemoglobin at 
pH 7.4. 


Oxyhemoglobin.—lIf we take the intersections with the pH 
7.4 line, of the lines indicating base bound as BHbQOs: and pass- 
ing through the completely oxygenated points on Figs. 1, 2a, 
3a, and 4a, we find that the amounts of alkali bound have the 
values indicated in Table VI, the average being 2.09 atoms of 
Na bound by 1 molecule of oxvhemoglobin. 3 


| 
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To the data taken from previous tables we have added those 
from two experiments with Preparations 6 and 10, which have 
not been reported in detail, because determinations of points 
of partial oxygenation were lacking. The percentages of hemo- 


Cryst horse / 
/ / 
Is if 


dB 
Fic. 4a. From the line through the oxygenated points 1, 2, and 3, dpH 


is calculated as 19.3, and Bo as 2.65. 

Intersections of lines through the other points with the pH 7.42 line 
indicate effects of varying degrees of reduction in lowering the amount of 
base bound by the hemoglobin. 

The numbers near the points indicate the data in Table IV from which 
they are taken. In the last column of the table the amounts of base 
indicated by the intersections on the pH 7.42 line are given. 


globin capable of binding oxygen in these preparations were 97 and 
92, respectively. 

It is probable that in Experiment 4 less alkali was added than 
was estimated. This error would not affect the determination 


dB 
of pH or 8p or of the dHbO.| line, since these are all based on 
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differences in [BHCQ 3] and not on absolute values. It would 
invalidate ealeulations of the [BHbO.] value, however, and we 
have left this determination out in averaging the results. 
Reduced Hemoglobin.—In Figs. 2b, 3b, and 4b the height of 
the B, [HbO.] lines at the abscissa representing complete reduc- 
tion ([HbO.| = 0) indicates the amounts of base bound by the 


1A 
at | 
j 
i iy). 4b, | | 
| 
Cryst. horse Hb*14 | | | | | 
! 
| | | | 
ye i i } ' 
| 
| 
| 
= Ai pri 7.42 | 
=O T3 
6 ~ 


—--- 
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Fic. 4b. Amounts of base bound by hemoglobin at pH 7.42 compared 
with amounts of oxygen bound. Dats from Table IV and Fig. 4a. 


From the slope of the line, is caleulated as 0.73. 


d 
completely reduced hemoglobin. From the values thus found, 
in Figs. 2b, 3b, 4b, and similar figures representing data obtained 
from Preparations 6 and 10, the results in Table VII as “Na 
bound per mol Hb” are ealeulated. Frem these figures the data 
in the last column of Table VII, at pH 7.4, for comparison with 
the results in Table VI, are ecaleulated. 


| 
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Summary of Experiments to Determine pK’ of Hemoglobin Solutions. 


Technique: 
Double tonometer ‘First equilibration method.’ 


ration. 


Saturation at 38° with H, + COs. 
Gas phase analyzed in Haldane apparatus. 
Liquid phase analyzed for COs. 
pH of liquid phase determined eleetrometriecally at 38° at CO, 


Solution: 


tension of equilibration. 


NaQH to 30 mm. 


Double 


satu- 


Twice recrystallized HbO, plus 


Date. preparation; = Se | = 

May 5 Horse 30 | 6.71) 52.221. 4419 81) 12.19 |1.086 7.26, 6.17 
5 7) 30 6.71; 84.425. 8.74 0.941) 7.08 6.14 
June 1 “11 30 | 7.13) 48.9)22. 0520.53) 13.50 (1.130, 7.31) 6.15 
“ Dog 16) 30) 6.27, 38. 3.25 23 24.05) 20.36 (1.309) 7.50 6.19 
“ 16 | “ 16] 30 | 6.27 38.5,25.52)24.33) 20.48 |1.311) 7.50! 6.19 


* Electrometric pH determinations are based on 0.1 N HCl assuming 
1.090 as its pH at 38°. 


TABLE VI. 


Base Bound by Oxyhemoglobin at pH 7.4. 


| | Na bound p | 
Experiment Preparation | mol hemaglo! Nin a ealeul: 
No. No. pH7 [Na HbO2), 7. 
| 
| 
mM. | mM. mol 
7.97 17.23 2.16 6.58 
2 7 6.92 14.S0 2.14 6.59 
; 11 7.64 15.53 2.06 6.62 
4 14 7.40 12.80 1.74 6.74 
= 6 7.58 | 15.60 2.06 6.62 
~- 10 S.S7 18.20 2.05 6.62 


* By interpolation on line connecting oxygenated points of Figs. 


2a, 3a, and 4a. 
+ Preparation No. 14 left out of average. 


| 
|, 
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The Difference Between the Base Bound by Reduced and by Oxy- 
genated Hemoglobin. 


The difference between the average equivalents of Na bound 
per molecule of oxygenated and reduced hemoglobin respectively 
is, from Tables VI and VII, 2.09 — 1.51 = 0.58. However, the 
hemoglobin preparations used were on the average capable of 
taking up and giving off only 0.85 molecule of Oo. So that the 
real average change of Na per mol change in combined OQ, was 


= 0.68 equivalents of Na. 


approximately 
85 


TABLE VIL. 
Base Bound by Reduced Hemoglobin. 


| | N: 
| otal | Na bound! Na beund | b calculated 
Experi- | Prepara- wlobin H as{[NaHb]} permo! Hb| as =p bound at 
ment No. tion No. | at pH [Na Hb] | _ [Na Hb] pH 7.40 
| | indicated, 2.45C per mol 
| | | “Hb. 
mM | mol | mol 
3 11 9.05 | 1.27 | 6.75 1.49 
4 14 8.735 | 1.18 6.94 1.18 
6 | 7.58 7.85 | 2045 | 1.98 | 6.82 1.5 
10 | 1.31 6.77 1.55 


* Estimated by adding 2.45 (7.4 — pH) to Na bound at observed plf. 
+ Preparation No. 14 left out of average. 


dB 
The values of the ratio determined in Experiments 2, 


HbOs| 
3, and 4, were 0.74, 0.69, and 0.73, respectively. It appears that 
we may state that the ratio is approximately 0.7 for horse hemo- 
globin. How much error in it we would allow for is not yet cer- 
tain. It may be as great as + 0.1, but is probably not over + 
0.05. We hope to establish it more accurately later. 

The presence of inactive hemoglobin in our preparations widens 
the margin of error that must be allowed for in the determination 
of the absolute amounts of base bound per molecule of oxygenated 
and reduced hemoglobin. If the inactive hemoglobin has the 
base-binding power of oxvhemoglobin, then the average figure 
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2.09 given in Table VI is correct. but this figure for reduced hemo- 
globin should be lowered by about 0.1. If, however, the inactive 
hemoglobin has the base-binding power of reduced hemoglobin, 
the completely oxygenated preparation must bind about 2.2 
equivalents of base. The preparation of entirely inactive hemo- 
globin and the determinations of its base-binding powers are re- 
quired to settle the nature of the correction it necessitates. Until 
this has been accomplished we must make allowance for the mar- 
gin of error that may be occasioned in the figures for either 
oxygenated or reduced hemoglobin. Such allowance extends the 
range of results for reduced hemoglobin from 1.55-1.49 to 1.55- 
1.39 (or 1.47 + 0.08 equivalents of base per molecule of hemo- 
globin). It extends the range of results for oxyhemoglobin from 
2.05-2.16 to 2.05-2.26, or 2.15 + 0.10 equivalents. 


The Base Bound by Oxyhemoglobin at Varying pH. 

In order to ealeulate the base bound by oxyhemoglobin at 

varying pH ranges we utilize the fact that the buffer ratio pH 

dp 

is constant over the physiological range, and has a value of 2.64. 

This means that as oxvyhemoglobin combines with more alkali 

the pH increases at a constant proportion, the change being at 

the rate of 1 pH per 2.64 molecules of monovalent base (over the 

limited range, pH 7.2 to 7.5 at least). Expressed in the usual 
form of a straight line equation, we have 


B = [BHbO:] = 2.64 [HbO.] (pH — a) (1) 
where a is the pH at which the base bound would become zero, 
if the slope wa continued unaltered to that point. If the Pon 

dpH dpH 


value remained absolutely constant up to that point, the latter 
would be the isoelectric point of oxyhemoglobin. As a matter of 
fact a is quite close to this point, but we are not at present cer- 
tain how close. Consequently, it appears better to designate 
the extrapolated point merely as a, rather than by asymbol which 
might indicate a relation to the exact isoelectric point. The 
value of a, found by solving the above equation, is 


[BHbO.} 


264 C 


a=pil— 
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From the data of Table VI we ecaleulate in the last column of the 
table that the value of a@ lies between 6.58 and 6.62, the average 
being 6.61. However, the values in Table VI are uncorrected for 
the inactive hemoglobin. The average corrected value at pH 7.4 


for Ge 2.15, gives a = 6.585. 


Similarly we could estimate from points of known pH and B 
the value of 6 in the similar equation for redueed hemoglobin, 


([BHb] = 8, [Hb] (pH — 5b) (3) 


From the data in Paper IV of this series (11), Bp is estimated 
as 2.45. From the average value of € corrected for inactive 
hemoglobin, v7z. 1.47 at pH 7.4, we obtain by calculation analogous 
to that of Equation 2, a value of 6.80 fer b. This we use instead 
of the uncorrected average value of 6.79 given in Table VII. 


[BHb] = 2.45 [Hb] (pH — 6.80) (4) 


Finally, by combining Equations 1 and + we obtain an ex- 
pression relating the total base bound by hemoglobin to the pH 
and the per cent of oxvgen saturation. Expressing the total 
base [BHbO.] + [BHb] as B, we have, by addition of Equaticns 1 
and +, Equation 5, which indieates the relationships of all three 
variables. 


B = 2.64 [HbO,] (pH — 6.585) + 2.45 [Hb] (pH — 6.80) (5) 


By substituting C — [HbO.] for [Hb] we may solve Iquation 5 
in terms of [HbO.] as 
B = 2.45 C (pH — 6.80) + (0.19 pH — 0.72) [HbO,!] (6) 


Table VIII contains a comparison of observed and calculated 
values for [BHb] + [BHbO.], the “observed” being taken frem 
the tables, the ‘“caleulated” being calculated by Equation 6. 
In making the calculations the inactive hemoglobin was ealcu- 
lated as HbO.. How much the observed deviation of about 
1.0 mM. in No. 3 is due to error from this assumptien is uncertain. 
The deviation in No. 4 is due to the facet, stated before, that 
almost certainly 3 mm. more alkali were added in the experiment 
than was intended. 
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In Equation 6 the term 2.45 C (pH — 6.80) represents the 
base that would be bound if all the hemoglobin were reduced, 
while the term (0.19 pH — 0.72) [HbO.] represents the addi- 
tional amount of base combined at the observed pH as the result 
of oxvgenation of part of the hemoglobin, the coefficient (0.19 

HbOs| 
of base added per mol of oxygen is, according to the results in the 
present paper, about 0.7 at pH 7.4. Caleulated as 0.19 pH — 
0.7, it is 0.67 at pH 7.50, 0.69 at pH 7.40, 0.71 at pH 7.50. 


pH — 0.72) representing This amount in equivalents 


TABLE VIII. 


Comparison of Observed and Calculated + Values. 


=| Table. Table II. Table IV. 
Experiment 
No. | Caleu- | Ob- | Caleu- Ob- Caleu- Ob- Calen- Ob- 
| lated, | served. | lated. | served. | lated. | served. | lated. | served. 
1 | 20.1; 20.0) 14.9] 14.7] 15.9] 15.5! 16.3] 13.3 
2 | 19.2; 19.4] 11.2] 11.1] 12.4] 11.6] 15.9] 13.0 
3 | 18.2) 18.4; 9.0] 8.6| 10.8; 9.8} 10.9! 9.3 
5 15.8] 16.5; 10.8; 10.9| 12.8! 12.1| 13.6] 10.7 
15.8, 11.7| 128| 12.2| 11.6} 9.4 
8 14.4; 14.4! 10.6; 10.3) 13.1); 12.5 | 
9 13.7] 13.9) 10.8| 10.6] 10.8 | 10.0 
10 10.1} 11.0] | 11.1 | 10.3 | 


Equation 5 and its derivatives are, of course, purely empirical, 
and hold only for the range over which 89 and @p are constant. 
They afford, however, a convenient way of stating the observed 
relationships over at least the greater part of the physiological 
range ef bleed pH. 


1 Asa matter of fact, Equation 6 was the first expression actually devel- 
oped for empirically expressing the relationships of the three variables 
pH, B, and oxygen. It was developed by Hastings, who noted in charting 


Experiments 4, 5, and 6 in the next paper (11) that increases with 


dB 
d b¢ | 
plf according to a linear function of the latter, and might therefore be 
expressed in the form m pH n. 
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An equation attempting to express the base bound at varying 
pH in terms of the mass law would have the form 


with at least six terms, since as shown above, there are at least 
five and probably more acid groups binding more or less base at 
normal blood pH in both oxygenated and reduced hemoglobin. 

As L. J. Henderson has shown (6), assuming that changes in 
one acid group in hemoglobin are responsible for the difference 
in alkali-binding power between oxygenated and reduced hemo- 
globin, the group affected would have a relatively low dissocia- 
tion constant, Kp, in reduced hemoglobin and a relatively high 
one, Ko, in oxygenated hemoglobin; and the value of Ko and 
Kp could be ealeulated from the difference in base bound by oxy- 
genated and reduced hemoglobin at two different pH points. All 
our results are consistent with Henderson’s assumption; and the 
values of Ko and Kp could be ealeulated from the difference 
in base bound by oxygenated and reduced hemoglobin at pH 7.2 
and 7.4 estimated from our average data as expressed by Equa- 


dB 
tion 5 or 6. The change in with changing pH on which 


d{HbO.] 

one must base calculations of Ko and Kp is slight, however, 
and it seems preferable to delay such calculation until experiments 
with hemoglobin solutions similar to Experiments 4, 5, and 6 
with blood in the accompanying paper (11) are available, and a 
wider range of pH is covered so that the validity of the assump- 
tion can be tested by the constancy of results obtained with vary- 
ing pairs of pH points. 

The technique used in this paper may be of value in character- 
izing other proteins by determining the height and slope (buffer 
value) of their B, pH curves on the alkaline side of their isoelec- 
tric points. We have estimated above that the pH values deter- 
mined are reproducible with a maximum. error of 0.007 pH; the 
usual error need not exceed half as much. Such constancy appre- 
ciably exeeeds that attainable by the electrometrie method. 
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SUMMARY. 


1. The alkali (Na) bound at pH 7.4 per gram molecule of re- 
ervstallized horse oxvhemoglobin has been determined to be 2.15 
+ 0.10 equivalents, that per gram molecule of reduced hemoglobin 
to be 147 + 0.08. The errors of + 0.10 and + 0.08 allowed for 
are about half due to the combined analytical errors connected 
with the technique, and half to the presence of 7 to 20 per cent 
of hemoglobin in a form ineapable of binding labile oxygen in the 
preparations used. (In these calculations a gram molecule of 
hemoglobin has been taken as the amount combining with a 
gram molecule of oxygen.) 

2. At pH 7.4, the change of 1 mol of reduced hemoglobin to 
oxvhemoglobin enables the hemoglobin to combine with 0.68 
+ 0.10 equivalent of additional alkali. 

3. For points intermediate between complete oxygenation and 
complete reduction, inerease in base bound at constant pH is in 
simple direet proportion to inerease in oxygen content. The 

dB 
d{HbO,] 
tion. This fact accords with Henderson's theory (6). 

4. The variation in base bound by oxyhemoglobin at vary- 
ing pH is indicated by the molecular buffer value of Bg = 2.64. 
For each 0.1 pH increase, each molecule of oxyhemoglobin takes 
up 0.264 additional equivalents of base. 

For reduced hemoglobin the molecular buffer value Bp, is 2.45. 

These buffer values are practically constant over the pH range 
7.2 to 7.5. 

5. The relationships summarized above are condensed into 
the empirical equation, valid over the pH range 7.2 to 7.5, and 
approximately so to pH 7.0 to 7.6: 


ratio at a given pH is constant for all degrees of oxygena- 


B = 2.64 [HbQ:] (pIl — 6.585) + 2.45 [Hib] (pH — 6.80) 


The constants, 2.45 and 6.80, of the last term have been de- 
termined indirectly, and may be subject to slight revision when 
direct determinations are available. 

6. The molecular buffer values, By = 2.64 and Bp = 2.45, 
indicate that at pH 7.2 to 7.5 at least five monovalent acid groups 
in the molecule share in the alkali combined with hemoglobin. 
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7. The constants above reported are for horse hemoglobin 
only. Preliminary experiments indicate that for dog hemoglobin 
the figures are different. 
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STUDIES OF GAS AND ELECTROLYTE EQUILIBRIA IN 
THE BLOOD. 


IV. THE EFFECT OF OXYGENATION AND REDUCTION ON THE 
BICARBONATE CONTENT AND BUFFER VALUE OF BLOOD. 


By DONALD D. VAN SLYKE, A. BAIRD HASTINGS, ann 
JAMES M. NEILL. 


(From the Hospital of The Rockefeller Institute for Medical Research.) 
(Received for publication, July 26, 1922. 


The experiments here presented were carried out in order— 
1. To determine the buffer value of oxygenated and reduced 
blood, and the proportion of it for which hemoglobin is responsible. 
2. To ascertain quantitatively the effect of change in combined 
oxvgen at constant pH on the blood bicarbonate. 
di BHCOs]| 


d{HbO.] 


3. To ascertain the effect of changing pH on the 


ratio.' 

We have used the same experimental methods employed with 
hemoglobin solution (1). The blood was saturated at 38° under 
known tensions of COQ. and Os, and the changes in base distribu- 
tion were estimated from changes in the bicarbonate. 

In the experiments with hemoglobin solutions (1) all changes 
in base present as BHCO; could be interpreted as changes in 
the opposite direction in base bound by hemoglobin, since car- 
bonie acid and hemoglobin were the only acids present. Blood, 
however, also contains other buffers, chiefly in the form of plasma 
proteins and cell phosphate, which also give off some bases to 
form bicarbonate when pH is lowered by increased COs: tension. 
Consequently, variations in [BHCO3;] accompanying changing 
pH due to changing CO, tension cannot be interpreted on blood 
as quantitative measures of opposite changes in [BHb] + [BHbO,]. 
However, we may estimate the buffer value of oxyhemoglobin 


1 The symbols used in the preceding paper (1) are employed. 
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from its concentration and its molecular buffer values determined 
in the preceding paper (1), and by comparing the values thus 
estimated with the observed total buffer values we may ascer- 
tain the relative part plaved by oxyhemoglobin in the total buffer 
effect of the blood. The estimation from buffer constants ob- 
tained on hemoglobin solutions, of the buffer effect of hemoglobin 
in the blood involves the assumption that the confinement of 
hemoglobin within the red celis does not alter its buffer effect on 
the system. The approximate correctness of this assumption is 
shown by the results of Joffe and Poulton (2). Its absolute 
accuracy must be based on parallel experiments with laked and 
intaet cells, which the temporary interruption of our work has 
forced us to leave to the future. The calculation of the relative 
part played by hemoglobin in the buffer effect of blood in Table 
VII is therefore presented with the reservation that slight cor- 
rections may be required because of the difference in pH between 
plasma and cell contents. Because of the relative constancy of 
the buffer value of hemoglobin over the pH range that the cell 
contents presumably cover, however, it does not appear that 
the correction can be considerable. 

If we keep the pH of blood constant, however, by properly 
regulated CQO, tension, and change only the degree of oxygenation, 
we appear justified in assuming that any changes in [BHCQ3]| 
that oceur correspond quantitatively to changes in the opposite 
direction in base bound by hemoglobin. For hemoglobin is the 
only substance in the blood that combines with the oxygen, and 
can therefore conceivably undergo change in its chemical properties 
from oxygenation and reduction of the blood. Expressing these 
increases by the symbol A, with changing oxygen content at 
constant pH, — A[BHCOs;] = A({BHb] + [BHbO,]). 


EXPERIMENTAL. 


The blood in volume from 250 to 400 ce. was drawn from the 
horse the night before each experiment. It was cither oxalated 
or defibrinated, as described before (3), was chilled to nearly 
0°C., and was kept at that temperature until samples were re- 
moved for saturation the next morning. Tor the oxalation 0.2 
per cent potassium oxalate plus 0.1 per cent of sodium fluoride 
was used (4). 
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The technique of saturation and analysis was identical with 
that ‘used in the preceding paper (1) for hemoglobin solutions, 
For the blood CQ, determinations 3 ec. samples were used. 

The calculations of pH values were also performed as above 
(1), except that slightly different constants were required. For 
calculation of the pH values the value 6.15 for pK’ was emploved, 
instead of 6.18 as with hemoglobin solutions. The data on which 
the value 6.15 is based will be published later. For a.o,, Bohr’s 
value of 0.511 for whole blood was employed. 

Our experiments are divided into two groups. 

In Experiments 1, 2, and 3 we have followed the procedure 
outlined for Experiments 1, 3, and 4 of the preceding paper (1). 
The slope of the BHCQOs;, pH line has been determined on oxy- 
genated blood, and used to extrapolate to a given pH the [BHCO3] 
values found in bloods in varying stages of oxygenation, and at 
pH’s as near to the given pH as could be arranged by regulation 
of the CO». and QO, tensions. By these experiments we obtained 
data on the buffer value of oxygenated blood, on the effect of 
oxygenation and reduction on [BHCQO3] at constant pH, and on 
the proportionality between this effect and the degree of oxygena- 
tion. The results are given in Tables I, II, and III, and in Figs. 
la, 1b, 2a, 2b, 3a, and 3b. 

In order to obtain data also on the buffer value of reduced 
blood, and on the total effect of reduction and oxygenation at 
varying pH, we have carried out Experiments 4, 5, and 6. In 
each of these a number of [BHCO;] values were obtained with 
blood approximately completely oxygenated, po, = 140 mm. at 
varying pH, and a number of other [BHCO,] values were obtained 
on blood as near as possible to complete reduction. The [BHCOs] 
points for both oxygenated and reduced bloods when plotted 
against pH made absolutely straight lines within the pH range 
of the experiments, 7.1 to 7.5. 

The results of Experiments 4, 45, and 6 are given in Tables 1V 
a, IVb, Va, Vb, Via, and Vib, and in Figs. 4,5, and 6. In Tables 


IVb, Vb, and VIb, the values for —-——-——- may be taken, for 
di HbOs| dB 
reasons discussed above, to represent negative values of —.——- 
| 


in the sense used in the preceding paper, 3 indicating the total 
base bound by hemoglobin as + (1). 


4 
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EXPLANATION OF TABLES AND FIGURES. 


In all except Tables IVb, Vb, and VIb the symbols used are the 
same as in the tables of the preceding paper. In Tables IVb, 
Vb, and VIb, we have used [BHCO,]p for the [BHCO3] of the 
reduced blood; [BHCQO3]y for the [BHCQO;] of the oxygenated 

A[BHCQ3] 
blood; A[BHCO3] = [BHCO3]p — [BHCOs]o. 
is always negative since at constant pH, oxygen and bicarbonate 
contents move in opposite directions. 

The charts are designed like those in the preceding paper, 
except that in the present one the [BHCO;] values are plotted 
as ordinates, instead of the [BHb] + [BHbO,] values. Conse- 
quently, since the [BHCQ] varies in the opposite direction from 
the [BHb] + [BHbO,] in the present charts the lines slope in the 
opposite direction from those in the preceding paper, and the 
oxygenated line is at the bottom of a series instead of at the top. 


Theratio 


TABLE I. 

THlorse Blood No. 1. 

Total | Total {[BHCOs| 
No. Po, | Poo. [BHCOs3} | pif pH? 30. 
‘ mM. mr 7M. mM. mM. 
1 (140) 7.39 7.21 33.2 16.05 | 15.05! 7.329 15.75 
2 (140) 7.36 7.18 47.1 18.64 17.23 | 7.2386} 15.75 
3 (140) 7.38 7.20 61.7 20.90} 19.05 | 7.162 15.75 
4/ 49.30] 5.75 5.68 44.4 18.55 17.22 | 7.265 16.40 
5 | 34.50] 4.49 4.45 44.4 19.05 7.724 17.10 
6 | 32.70 | 4.29 4.25 44.2 19.15 lt. 17.28 
2.24 46.6 20.35 18.95 7.282 18.55 
S 2.9 0. 32 0.32 oL.4 21.76 20.22 7.268 19 47 
9 | 142.0 7.38 | 7.20 40.6 17.52 16.30 | 7.276 15.75 
DISCUSSION OF RESULTS. 


The Buffer Value of Oxygenated and Reduced Blood and the 
Proportion of It for Which Hemoglobin Is Responsible. 


The buffer values for oxygenated blood, in mM. terms, are given 
in Table VII for the five bloods on which they were determined. 


Fic. la. From the line 
through the oxygenated 
points 1, 2, 3, and 9, 


dq{[BHCOs] . 
aleuls 
dpll is ecaleulated 


as — 23.7. 

Intersections of lines 
through the other points 
with the pH 7.3 line 
indicate effects of vary- 
ing degrees of reduction 
in lowering the amount 
of base bound by the 
hemoglobin. 

The numbers near the 
points indicate the data 
in Table I from which 
they are taken. In the 
last column of the table 
the amounts of base 
indicated by the inter- 
sections on the pH line 
are given. 


mrt [BHCO,] 


~ 


2 
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‘ 
Uxaiatce+Nar 


7.0 


| 


0.554 


| 
| 


“Fig 
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Fig.1b. Amount of base displaced from BHCQ; at pH 7.3 compared with 
amounts of oxygen bound. Data from Table I and Fig. la. 


From the slope of the line, 


d{BHCO,] . 


d|HbO,] 
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is calculated as —0.554. 
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(On No. 3 the buffer slope was not determined, but was estimated 
for purposes of extrapolation from the hemoglobin content.) 
The value of the buffers other than BHCQO; was estimated as 
dB 

dpH dpH 
is equal to loss of base by other buffers. The other calculations 
in the table are self-explanatory. It appears that from 73 to 
79 per cent of the total buffer effect of the oxygenated horse 
blood was due to oxyhemoglobin. The average buffer effect of 


since increase in base bound as BHCO, 


TABLE II. 
Tlorse Biood No. 2. 
Oxalate and NaF. 


6.80 


| | Total | | 
No. Po, | Poo. | (COs). | pll | pH 
| | | 
mim mM. | mM. mM. | mM 
1] 143.3] 6.93 | 6.75 | 33.0 | 16.79} 15.80] 7.353! 17.35 
142.8! 6.95 | 6.77 | 42.3 | 18.56| 17.29] 7.274] 17.35 
3 | (143.0) 6.86 | 6.68 | 62.2 21.63) 19.57 | 7.170 | 17.35 
4 6.2 | 3.00 | 4:7 | 16.13! 7.270) 1087 
31.5] 3.85 3.81 | 44.7 | 20.06/| 18.72| 7.208! 19.26 
6) 27.5] 3.03 | 2.99 | 45.6 | 20.40/ 19.03| 7.293] 19.42 
7 2.0; 1.90 | 1.87 | 49.5 | 21.45] 19.96| 7.278] 20.04 
8 0.24 | 684 | | 22.98! 
9} 141.4 | 42.4 | 18.51 | 17.24) 7.282] 17.35 


buffers other than bicarbonate, in mM. terms, was aa 22.6, 
ap 


of whieh 19.0 were due to hemoglobin, leaving 3.6 to buffers 
other than hemoglobin and bicarbonate. The bicarbonate con- 


tributed an avernge a value of 1.8, making the total 24-4. 

In percentages of the total buffer cffeet, the average values 
for all five bloods are 7S per cent for hemoglobin, 7.4 per cent 
for bicarbonate, and 14.6 for all other buffers. 

The results obtained with reduced blood in Experiments 4, 5, 
and 6 are given in Table VIIL. The effeets of buffers other 
than hemoglobin and BHCO,, are estimated in Column d_ of 
Table VII! from the oxygenated samples by subtracting the 


| | 
\ 
J \ & | | 
| 
| | 
1g ANE At 
@\ \ | 
© Horse blood *2 @\ | 
calate + NaF & | 
| 
I7 
-- 
16 
15 
7.0 1 75 


Fic. 2a. From the line through the oxygenated points 1, 2, 3, and 9, 


d{[BHCOQ,] . 


dpH 


is calculated as — 20.6. 


Intersections of lines through the other points with the pH 7.275 line 
indicate effects of varying degrees of reduction in lowering the amount of 
base bound by the hemoglobin. 

The numbers near the points indicate the data in Table II from which 


they are taken. 


In the last column of the table the amounts of base indi- 


cated by the intersections on the pH line are given. 


| | 
8 | j 
| AtpH 7.275 $0.548 
Forse blood #2 
Oxalate +NaF 5 
: 
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Fic. 2b. Amounts of base displaced from BHCQ; at pH 7.275 compared’ 
with amounts of oxygen bound. Data from Table II and Fig. 2a. 


From the slope of the line, 


d{BHCO,] . 
d{Hbo,] is calculated as —0.548. 
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calculated buffer effect of the oxyhemoglobin from the total. 
In the reduced bloods it is assumed that the effects of the buffers 
other than BHCO; and hemoglobin are the same as in oxygenated. 
The buffer value of the reduced hemoglobin is accordingly esti- 
mated by subtracting the values in Column d from those in 


dB 
From the dpH values found, the molecular buffer 
dB 


value is calculated in Column g as Bp = CdpHt 


From comparison.in Tables VII and VIII of the average 
values for those experiments in which both oxygenated and re- 


Column e. 


TABLE III. 

Horse Blood No. 8. 
Defibrinated. 

BHCO 
No.| Po: Tou | | | |[BHCO:) | pH 
mm. mM. mM. mm mM. ™M. mM. 
‘1 143.5 | 6.75 6.56 41.9 16.65 | 15.39 |} 7.238 |} 15.38 
37.6 | 4.30 4.25 46.0 18.14; 16.76] 7.235 | 16.63 
3 19.9 |} 1.90 1.87 47.3 19.08 | 17.66 | 7.245 | 17.74 
4 4.0; 0.22 0.22 48.7 19.91 18.45 | 7.251 18.67 
5 | 135.0! 6.69 6.49 43.4 16.80; 15.50} 7.226) 15.25 
6 29.70) 3.21 3.17 45.0 18.13 | 16.78 | 7.244] 16.85 
7 20.80, 2.00 1.97 46.2 18.85 | 17.46) 7.250 | 17 66 
3.5 | 0.19 0.19 48.7 19.93 | 18.47 | 7.252} 18.73 


‘duced bloods were examined, the shift of buffer values resulting 
from reduction of oxygenated blood at constant pH becomes 
apparent. The hemoglobin decreases in both percentage and 
absolute buffer effect, because of the chemical change it under- 
goes; the bicarbonate increases in both percentage and _ total 
buffer effect, because of the increase in [BHCO3], and its gain 
nearly balances the loss of the hemoglobin. 


The Effect of Change in Combined Oxygen at Constant pH on the 
Blood Bicarbonate. 


d{[BHCO;] 


The values for the ratios obtained at 7.30, or the 


d{HbO,] 


i 
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C 
Fic. 3a. The slope of the lines is calculated as 28, from the hemoglobin 


content. 


Intersections of lines through the other points with the pH 7.24 line indi- 
cate effects of varying degrees of reduction in lowering the amountofbase 
bound by the hemoglobin. 

The numbers near the points indicate the data in Table 11I from which 


they are taken. 


In the last column of the Table the amounts of base indi- 


cated by the intersections on the pH 7.24 line are given. 


Fig 3b, Eq iz 
| Horse blood *3 
Defibrinated 


3 
mm.{Hb0z] 
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Vig. 3b. Amounts of base displaced from BHCQOs; at pH 7.24 compared 


with amounts of oxygen bound. 


From the slope of the line, 


d{BHCO,] 
d{HbO,] 
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Data from Table IIL and Fig. 3a. 


is calculated as — 0.538. 
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TABLE IVa. 
liorse Blood No, 4. 


Oxaldte + Nak. 


Double equilibration. 


No. | Po. | Total{Os]., | Poor | | [BHCOs| pu | 
mM. mM. | mM. | mM. | 
1 136.9 7.30 7.12 54.7 | 19.55 | 17.91 7.188 
2 136.2 7.27 7.09 53.8 | 19.35 17.74 | 7.191 
3 | 198.2 31.0 | 15.25 | 14.32 | 7.338 
4a} 130.3 7.32 7.15 24.2 | 13.857 | 12.864 | 7.28 
4b! 130.6 | 7.31 7.14 24.2 | 13.50 | 12.77 | 7.395 
| | | | 
| | | 
5 2.6 | 0.22 | 0.22 | 63.0 | 23.27 | 21.38 | 7.203 
6 3.3 | 0.25 | 0.25 | 46.0 | 20.66 | 19.28 | 7.295 
7 3.5 | 0.31 | O31 | 34.2 | 18.44 | 17.41 | 7.379 
S| 36] 0.33 | 0.33 | 2.8 | 16.43 | 15.66 | 7.456 
| 0.28 | | 
TABLE 1Vb. 
Horse Blood No. 4. Data from Fig. 4. 
| | _ A{BHCOs)* 
| mM mM mM 
7.1 23.70 20.00 3.70 0.540 
7.2 21.46 17.59 3.87 0.565 
7.3 19.20 15.16 4.04 0.589 
7.4 16.96 12.75 4.21 0.615 
7.5 14.70 10.32 4.38 0.639 
*A [HbO,] = 0.28 — 7.13 = — 6.85 


nearest point to 7.30, covered by observation, are given in 
Table IX. 

The assumption appears justified, as stated above, that, at 
constant pH, changes in oxygenation affect the amounts of base 
bound only by carbonic acid and by hemoglobin, whatever base 
is detached from combination with hemoglobin being represented 
by increase in [BHCQs3], and vice versa. If, therefore, no factors 
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in blood alter the pKr and pho values of the acid group or groups 
of which the base-binding power is affected by oxygen changes, we 


dB 
should expect at a given pH the db ol ratio determined in 
sodium hemoglobinate solutions to have the same value as the 
d| 


———-— ratio determined in blood, except for change in sign. 


HbO.!| 


Reduced 


Horse blood * 4 


20 
Oxalate+NaF 
| 
16 
14 
= 24.18 
10 


Fic. 4. From the line through the oxygenated points 1, 2, 3, 4a, and 4b, 
d{BHCO,] 


for the oxygenated blood is calculated as —24.18. From the 


dpH 
bd — — BHCO 
line through points 5, 6, 7 and 8, Ss dpH i for reduced blood is calculated 
p 
— 22.40. 


The numbers near the points indicate the data in Table IVa from which 
they are taken. 
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TABLE Va. 
Blood No. 5. 

No. Po.* | Total [Oz]. | | Poo, | [BHCQOs3} pli 

mm. mM. mM. mm | mM. mM, 

1| (140) 7.13 | 6.95 52.5 19.28 | 17.70 | 7.200 
< (140) | 36.3 16.50 15.41 7.301 
3 (140) 7:8 6.93 26.5 14.38 13.58 7.382 
4 (140) 7:22 6.94 19.9 12.65 12 05 7.455 
5 (QO) 0.40 0.40 60.8 22.63 20.81 7.207 
6 (O) 0.28 0.28 44.5 20.19 18.85 7.299 
7 (0) 0.37 0.37 31.3 17.63 16.69 7.400 
S (0) 0.16 0.16 22.5 15.48 14.80 7.491 
9 (140) 6.98 6.80 63.1 20.68 18.79 7.148 
10 (140) 7.19 7.01 46.2 18.27 16.88 7.236 
11 (140) 7.15 6.97 31.3 15.50 14.56 7.341 
12 (140) 7.06 6.85 21.5 12.95 12.30 7.431 
13 (0) 0.21 0.21 72.1 24.03 21.87 7.155 
14 (0) 0.17 0.17 51.9 21.29 19.73 7.253 
15 (0) 0.30 0.30 35.9 18.57 17.49 7.361 


* po, figures in this table represent oxygen tension of gas placed in 
tonometers for second saturation, not the final tension determined by 
analysis. 


TABLE Vb. 
Horse Blood No. &. Data from Fig. 6. 
A{BHCOs]* 
pH {[BHCOs], | [BHCOs], A{BHCOs] AlHbO2] 
mM. ™m™M. 
7.1 19.88 | 23.00 3.12 0.469 
2 17.65 | 20.90 3.25 0.489 
7.3 15.42 18.80 3.38 0.508 
7.4 eae 16.70 3.50 0.526 
7.5 10.97 14.60 3.63 0.546 
* AIT = — 6.65 


However, at pH 7.30 the results of sodium hemoglobinate solu- 


dB 
tions (1) have indicated a value of 0.67 for the dO.) ratio. 


This is higher than any of the values obtained in blood, 


dB 


XUM 


Van Slyke, Hastings, and Neill 519 


and it appears probable that the difference is outside the limits 
of experimental error. 


dB 
ar the difference in the value of 
Also it appears that t d{HbO.] 
as determined at pH 7.3 in Bloods + and 5, respectively, is out- 
23 
| | Reduced 
| | | =2l. 06 
20 t | 
19 
Fig.5,EqW 
Oxalate+Nako 
= ! | 
‘5 
Oxygenated 
13 
AB 22,23 
12 
| 
| | | | 
| | | 
0 - 
11 7.2 73 7.4 7.5 
pH 
Fic. 5. From the line through the oxygenated points, dpH is calcu- 


dpH 


lated as —22.23. From the line through the reduced points 


reduced blood is calculated as —21.06. 


The numbers near the points indicate the data in Table Va from which 
they are taken. 


side the limits of experimental error. The experiments on these 
two bloods were performed near the end of our work when the 
accuracy of our technique was at its best, and a number of points 
on oxygenated blood and blood at a uniform degree of nearly 
complete reduction were obtained. Both bloods were oxalated 


5 
for 
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and otherwise treated in an identical manner. They were also 
drawn from the same horse at times only 3 days apart. Yet the 
dB 
is 0.508. 


ratio in Experiment 4 is 0.589, and in Experiment 5 


TABLE Vla. 
Horse Blood No. 6. 


No. Post Total {Oz}. | | Peos | ([BHCOs] pH 
mm. | mM. mM. | mm. mM. mM. 
1 (140) 7.86 7.68 52.1 18. 32 16.76 7.180 
2 (140) 7.81 7.63 a¢.2 15.66 14.54 7.265 
3 (140) 7.97 7.79 25.9 13.21 12.43 7.304 
4 (140) 7.91 4.43 18.7 3 10.67 7.429 
5 (0) 0.78 0.78 59.8 21.57 19.78 7.193 
6 (0) 1.04 1.04 | 43.6 18.94 17.63 7.279 
7 (0) 0.98 0.98 | 31.2 16.52 15.58 7.371 
8 (0) 1.01 | eee 14.38 13.70 7.452 
| 


* The po. figures in this table represent oxygen tension of gas placed in 
tonometers for second saturation, not final tension determined by analysis. 


TABLE VIb. 
Horse Blood No. 6. Data from Fig. 6. 


| co;;, {BHCO | | _ AIBHCOs)* 
pH | [BHCOs), | [BHCOs], | A{BHCOs3] | Ai 
mM, mM. mM. | 
7.2 16.25 | 0.487 
7.3 | 13.80 | 17.20 0.503 
7.4 | 14.99 | 3.53 0.522 
7.5 | 8.91 | 12.59 | 3.68 | 0.544 


* = —6.76 


There appear to be factors present in the blood which depress 


the ratio (B representing base bound by hemoglobin) 


dB 
below the value that it has in solution of sodium hemoglobinate 
and bicarbonate, and which depress it to a variable extent. One 
of these factors is probably the difference in pH between cells 


| 


[BHCOs] 


Van Slyke, Hastings, and Neill 521 


and plasma. The pH values that we have estimated in the blood 
are those of the plasma. The pH values in the cells are probably 
lower; and, as will be brought out below, depression of the pH 


depresses the ratio. 


dB 
d{HbO,] 

It may be that the difference in concentration of salts in the 
blood, as compared with our sodium hemoglobinate solutions, 


20 
| | Reduced 
| | | dB 
ee 
16 lorse blood * | | 
dB | 
| 
7 7.2 7.3 7.4 


pH 
Fic.6. From the line through the oxygenated points 1, 2,3, and 4, 


d{|BHCO 
a is calculated as —24.16. From the line through the reduced 
dpH 
d{(BHCQ,] 
points 5, 6, 7, and 8, DH for reduced blood is ealeulated as — 23.23. 
dp 
The numbers near the points indicate the data in Table VIa from which 
they are taken. 


also affects somewhat the plX’ values of the acid group or groups 
in the hemoglobin molecule which are altered by oxygenation. 
The question as to whether these two factors are sufficient to 
account for the observed variations in the ratio must await the 
accumulation of more data. 
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524 Oxygenation and Reduction in Blood 
The Effect of Changing pH on the ~HbOn Ratio. 
From Tables 1Vb, Vb, and VI it will be seen that the value 


A{BHCO,] 
of the ratio — AHbO.| 
rates of inerease In the ratio per unit increase in pH are 0.248, 
0.192, and 0.190 in Experiments 4, 5, and 6, respectively, or about 
0.02 for each 0.1 change in pH over the range pH 7.5 to 7.1. 
From the curves of Figs. 4, 5, and 6 it is possible by a method 
of calculation already outlined by L. J. Henderson (4) to estimate 
the values K’p and K’o of the monovalent acid group in the 
hemoglobin molecule that has its dissociation constant changed 
from Kp to Ko when reduced hemoglobin is oxygenated, the 


increases with increasing pH. The 


TABLE IX. 
Decrease [BHCO3] per Gram Molecule of Oxygen Combined at Constant pi. 


Mols decrease in 


Experiment No. | pil | Treatment of blood. [BHCOs3] per mol 
increase in 


1 7.30 Oxalate + Nak, 0.554 
2 | 7.275 | 0.548 
3 | 7.24 Defibrinated. 0.538 
4 7.30 Oxalate + Nak. 0.589 
5 | 7.30 | 0.508 
6 7.30 | Defibrinated. 0.503 


assumption being made that only one such group is so changed. 
In view of the appreciable differences observed between different 
bloods, however, and between blood and solutions of reerystal- 
lized hemoglobin, it appears preferable to let the publication of 
such calculations await further data. 


SUMMARY. 
1. The average buffer value at pH 7.2 to 7.5 of three samples of 


dB(mM.) 
oxygenated blood from the same horse was found to be dpl = 


25.3, the average value for the same bloods in the reduced 


condition being 24.4. 
2. The buffer values of each blood, the degree of oxygenation 
being constant, were constant over the pH range 7.2 to 7.5. 


} 
XUM 


Van Slyke, Hastings, and Neill 525 


3. In the oxvgenated blood the hemoglobin was ecaleulated 
to be responsible for an average of 76.0 per cent of the total buffer 
value, bicarbonate for 6.9 per cent. In reduced hemoglobin the 
figures were 73.3 and 9.0, respectively. 

4+. The difference in buffer value between oxygenated and re- 
duced blood is attributable to a loss of buffer value at this pH 
when oxvyhemoglobin is reduced. The consequent loss to the 
total buffer value of the blood is only partially compensated 
by the inerease in [BHCO3] that accompanies the deoxygenation. 

5. From the effeet of oxvgenation and reduction on the buffer 
value of blood it is estimated that if the molecular buffer value 
of oxvhemoglobin is 2.64, as found in the preceding paper, the 
molecular buffer value of reduced hemoglobin is 2.45. 

6. At pH 7.3 the decrease in [BHCOs;] per added molecule of 
oxygen combined with the hemoglobin was found to vary in six 
bloods from 0.50 to 0.59, indicating that a gram molecule of oxy- 
genated hemoglobin at this pH binds 0.50 to 0.59 more gram 
equivalents of alkali than does reduced hemoglobin. The varia- 
tion between 0.50 and 0.59 is probably outside the limit of error 
in these experiments, and ts due to variable factors not yet ascer- 
tained in the blood. The ratios observed in blood are lower than 
those observed in solutions containing only reerystallized hemo- 
globin and sodium bicarbonate. 

7. At a given pH, with varying degrees of oxygenation, the 
displacement of base from combination with bicarbonate is in 
simple direct proportion to the amount of oxygen combined. 


dB 
This constancy of the d[HbO. ratio was also found with hemo- 


globin solutions (1). 

8. Increase of pH over the range 7.2 to 7.5 increases the amount 
of alkali in a given blood displaced from combination with bi- 
carbonate (added to hemoglobin) by 1 molecule of oxygen, the 
increase being at the rate of, approximately, 0.02 equivalent of 
alkali per 0.1 pH rise. 

9. No quantitative differences were detected between defibri- 
nated blood and blood in which coagulation had been prevented 
by addition of 0.2 per cent of potassium oxalate and 0.1 per cent 
of sodium fluoride. 
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INTRODUCTION. 


In a previous paper (Hopkins, 1921) an account was given of the 
isolation from yeast and from animal tissues of a dipeptide con- 
taining sulfur. The constituent amino-acids were shown to be 
glutamic acid and cysteine, and glutathione was suggested as a 
convenient name for the substance. The hydrogen of the — SH 
group in the cysteine moicty is, as might be expected from many 
analogies, capable of easy oxidation. Since such oxidation results 
in the formation of a disulfide group, —S—S-—, and involves the 
linkage of 2 molecules, the substance in its oxidized form is no longer 
a dipeptide in a strict sense, but an association of four amino-acid 
residues. It would be consistent with the analogy of the cysteine- 
cystine nomenclature to give a separate name to each form; but 
it will be convenient, at any rate until the constitution of the sub- 
stance is completely established, to use the name glutathione alone, 
and to speak respectively of its reduced and oxidized form. 
Equilibrium in the living cell would seem to be such that the 
greater part of the substance present exists in the reduced condi- 
tion; but oxidation and reduction of the constituent sulfur groups 
are reversible processes in the tissues, and both forms may at any 
moment be present. 

A full study of the general chemical properties of the substance 
is in progress. The present communication is concerned with 
observations meant to elucidate further its relations and functions 
in the living cell and for the most part only with experimental 
results which have shown that its activities are associated in an 
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unexpected manner and to a remarkable extent with tissue agencies 
which are thermostable. 

A word may be said as to the terminology used in the discussion 
of the facts. In the case of a system containing a tissue catalyst, 
together with substances susceptible to oxidation under the in- 
fluence of such a catalyst, it is diffeult without detailed knowl- 
edge to find criteria concerning the nature of the system which 
will fully distinguish between different possibilties suggested in 
views that are at present held. If, indeed, the oxidation occurs 
only upon access of free oxygen it is legitimate in the present 
state of knowledge to assume that an “oxidase”’ system is in- 
volved, of the type pictured by Engler, Bach, Chodat, and others. 
If, however, (a reducible substance being present or artificially 
provided) oxidation occurs also indirectly under strictly anae- 
robic conditions, the suggestion then is that the catalyst acts 
either as one determining simultaneous oxidation and reduction 
by means of the elements of water, as suggested by Bach; or it 
may act rather (the distinction, in certain cases at least, being real) 
by determining the transfer of hydrogen from an oxidizable 
substance to a reducible substance on the lines suggested by 
Wieland (1914). It is impossible without knowing full chemical 
details concerning the reaction or reactions involved to decide 
between the last two possibilities. For the purpose of the 
following discussion it is extremely convenient to assume the view 
of Wieland and to employ the related terminology of Thunberg 
(1920); to speak, that is, of the substance oxidized as the “‘hydro- 
gen donator” and of the substance reduced as the ‘‘hydrogen 
acceptor.’’ Under aerobic conditions the acceptor, of course, 
may be oxygen itself. When, however, the term hydrogen donator 
is used it should be remembered that in any particular case under 
consideration the term oxygen acceptor might better correspond 
with the facts. No essential confusion, as a matter of fact, arises, 
when only general aspects of the phenomena are under discussion, 
if these two terms be taken as equivalent. 

Into Wieland’s conception of hydrogen transport the properties 
of the sulfur group of glutathione fit with special readiness. It 
will be found, however, that the facts now to be described suggest 
that the activities of the dipeptide seem but little concerned with 
those of any recognized type of tissue catalyst. 
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The experiments upon which this paper is based have dealt 
chiefly with amphibian and mammalian muscle; but less complete 
observations upon other animal tissues have indicated that the 
essential statements hold true for these also. 

Reduced glutathione, at suitable hydrogen ion concentrations, 
is oxidized by molecular oxygen, and under similar conditions it 
freely reduces methylene blue. On the other hand, as was shown 
in the previous communication, factors are present in the tissues 
which promptly reduce the oxidized product whenever its con- 
centration is raised above an equilibrium value. 

While, therefore, the sulfydryl group of the dipeptide con- 
stitutes one at least of the reducing agents of the tissues, its special 
significance depends upon the circumstance that when it transfers 
its hydrogen to molecular oxygen, or to such an acceptor as 
methylene blue, it is itself reduced afresh by normal tissue agencies. 
A continuous transfer of hydrogen is thus established and, as 
should be noted, at a velocity much greater than that with which 
the hydrogen is directly transferred—if it be transferred at all— 
to the acceptor from the particular sources concerned. 

In so far as they relate to the reduction of methylene blue these 
facts were established by observations described in the first paper. 
Further experiments have shown that they hold true when the 
final acceptor is atmospheric oxygen. 

An experimental analysis of vital oxidations must involve more 
than the isolation of intermediary oxidation products. It is clear 
from what is known that some analysis of the oxidative mechan- 
isms is possible as well as desirable. 

The acquisition of interesting facts by the study of tissues 
before and after they have been merely extracted with water has 
justified some attempt at analysis on these simple lines. Just as 
it helped Harden and Young to a recognition of the coferment of 
alcoholic fermentation, so has this method enabled Meyerhof 
(1918), to show that two factors, at least, are concerned in the 
maintenance of respiratory oxidations, and Batelli and Stern 
(1914) to demonstrate a distinction between soluble and insoluble 
catalysts in the tissues. Further, by the use of the same simple 
procedure, involving the removal by washing of the soluble hy- 
drogen donators present, and the restoration of the lost reducing 
power by the addition of substances of known constitution, 
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Thunberg has thrown light upon intermediary products as well 
as upon certain aspects of the oxidative mechanism. 

A fresh tissue, when very thoroughly washed, fails to reduce 
methylene blue or reduces it very slowly. The washing removes 
inter alia the greater part of its content of glutathione. When, 
under suitable conditions the dipeptide is alone restored to the 
system, a considerable part of the original reducing power is also 
restored, just as completely—it should be noted—when the 
added dipeptide is in the oxidized form (containing, therefore, 
no mobile hydrogen) as when it is added already reduced.! This 
fundamental fact, demonstrated by observations described in the 
first paper, has been confirmed by a great number of later experi- 
ments. Evidence is supplied in the present paper to show that the 
dipeptide under these circumstances does not itself act as a primary 
hydrogen donator. The changes its molecule undergoes are 
strictly reversible and involve the oxidation and reduction of the 
sulfur group alone. 

Since a preparation of fresh tissue rendered almost incapable of 
reducing methylene blue by thorough washing with cold water 
still reduces the oxidized form of the dipeptide and in conjunction 
with the latter actively reduces the dye, it must presumably still 
contain sources of labile hydrogen. 

It was during an endeavor to ascertain the nature of these by 
the use of various solvents—among them boiling water and 
alcohol—that the remarkable stability of a residual tissue system 
capable of acting in conjunction with the sulfur groups of the 
dipeptide was first observed. 


A Thermostable Reducing System in Tissues. 


A mass of chopped muscle after it has been very thoroughly 
washed with cold water may be heated for hours in water at 
100°C. or repeatedly extracted with boiling water and finally 
dehydrated with alcohol, dried in vacuo, and ground to a fine 
powder without losing more than a fraction of that part of its 


1TIn all our experiments the substance has been used in the oxidized 
form. Its effect in accelerating reduction or oxygen uptake must then 
be due to its special relations with the tissue or tissue residue. If added 
in the reduced form its own reducing power must be allowed for. 
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reducing power which depends upon the presence of glutathione. 
Especially is this true if the treatment just described is carried 
out without contact with oxygen. 

A preparation from muscle after undergoing such treatment 
may fail by itself to reduce methylene blue under any cireum- 
stances. But if it be placed in a dilute solution of glutathione and 
especially if, as in our experiments, it is suspended in a phosphate 
buffer solution of which the hydrogen ion concentration is around 
about 7 to 8, and to which glutathione in its oxidized form has 
been added in amount equal to, say, 10 mg. per gm. of tissue used, 
a system is established which reduces with rapidity. 

The results of an actual experiment may be quoted here; others 
of a similar nature are more fully described in a later section. 

The muscles from two freshly killed rats were passed through a 
mincing machine and the finely divided tissue was washed ten 
times with distilled water by shaking in a stoppered cylinder in 
which the air above the fluid was replaced by nitrogen each time 
the water was renewed. A portion of the tissue was at this stage 
reserved, (a), and the rest was heated for 2 hours anaerobically in 
twice its own bulk of water at 100°C. A portion being again 
reserved, (b), the rest was boiled out six times with successive 
quantities of water, (c). At each of the three stages mentioned the 
muscle residue after the treatment with water was washed with 
95 per cent alcohol and dried in vacuo over sulfuric acid. All three 
preparations were then finely powdered and sampled. 

With equal quantities of dry tissue and of methylene blue in 
each case (for details see the Experimental section) the reducing 
time of (a) by itself was 3} hours and of (b), 5} hours; (c) showed 
no observable reducing power. | 

Under precisely similar conditions but with the addition of 10 
mg. of oxidized glutathione per gm. of dried tissue, (a) reduced in 
28 minutes, (b) in 24 minutes, and (c) in 24 minutes (see also 
Series 2 a). The reducing system which works in conjunction 
with, and only in conjunction with, the sulfur groupings could 
have suffered scarcely at all from the severe treatment described, 
as in each case the velocity of reduction remained practically the 
same when glutathione was restored to it. The thermostability 
of a catalytie—or quasi-catalytic—system in the tissue is indeed 
remarkable. 
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Whatever the nature of the factors comprised in the system it 
would, we think, be wholly wrong to look upon them as other than 
physiological. | 

It is possible even with fresh unwashed muscle to show that 
raising the concentration of glutathione accelerates reduction by 
the tissue, but in this case a relatively large amount should be 
added. Otherwise, the mechanism with which it is especially 
concerned is merged in the general reducing power of the tissue and 
the effect may not be pronounced. After slight washing, sufficient 
to remove only a part of the dipeptide, the effect of restoring it 
comes immediately to hght. Thorough washing at ordinary 
temperature removes nearly the whole, and then the effect of 
supplying it is nearly at a maximum. As we have just seen, the 
effect is the same aiter the tissue has been finally submitted to 
boiling water. At each stage of the treatment factors are shown 
to be present which reduce only with the coagency of glutathione 
and by the time the latter has itself been washed away the only 
remaining factors of this sort left in the tissue prove to be entirely 
insoluble and thermostable. It does not follow, of course, that 
these are the only factors having this special dynamic association 
with the sulfur groupings of the dipeptide. Other hydrogen 
donators may be soluble in cold water and so be washed away 
during the removal of the dipeptide itself. But the thermostable 
factors are quantitatively the more important and once the tissue 
has been extracted with cold water they seem to be the only ones 
left. All the evidence points to the circumstance that these 
thermostable factors act with glutathione in the intact tissue. 
It is highly noteworthy in this connection that such tissue prep- 
arations after thorough extraction with boiling water, can, in the 
presence (though only in the presence) of glutathione and under 
controlled conditions, continuously absorb oxygen and _ yield 
carbon dioxide. They, in a limited sense at any rate, ‘‘réspire.” 

The thermostable tissue residues actively reduce the oxidized 
form of the dipeptide (as can easily be shown, especially in 
anaerobic experiments, by the development of the nitroprusside 
reaction which is given by the reduced form alone). Otherwise 
the system which ‘‘respires,’”’ or reduces methylene blue, could not 
be established. Such residues it would seem must contain hydro- 
gen donators and, presumably, some form of primary catalytic 
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system for which the glutathione is a coagent. If so, the catalytic 
system is remarkably stable and the hydrogen donators ex- 
eeedingly insoluble in water. The factors present in the tissue 
residue together with the glutathione constitute what may be 
ealled the thermostable reducing system of the tissue. It should 
be understood that this contributes not a negligible fraction, but a 
quite noteworthy amount to the total reducing power and ‘‘respira- 
tion’”’ of the tissue. 


Effects of Oxygen on the Thermostable System. 


The residual tissue system which shows itself to be so highly 
thermostable, and is activated by glutathione, is sensitive to 
oxidation. The dry powder when kept-in stoppered bottles only 
very slowly loses its power of transferring hydrogen to the sulfur 
groups of the dipeptide. On exposure to the air in thin layers 
this property is lost with somewhat greater rapidity. It is 
natural to suppose that the change is due to the slow oxidation 
of the relatively labile hydrogen atoms which in the presence of 
glutathione are so rapidly activated and transferred to other 
acceptors. 

To hydrogen peroxide the thermostable tissue preparations are 
exceedingly sensitive. A single observation may be quoted in 
support of this statement. 

A dry muscle powder (2 gm.) which in the presence of 
glutathione originally reduced methylene blue with high velocity 
was placed for 15 minutes in 50 ee. of a 0.5 per cent solution of the 
peroxide and occasionally shaken. It was filtered off and very 
thoroughly washed with water until neither the washings nor the 
powder itself showed any trace of peroxide or of active oxygen 
by the use of the most delicate tests. It was then dried zn vacuo. 
All capacity to reduce methylene blue in the presence of gluta- 
thione was found to be lost, though a control specimen of the 
powder, after equally thorough washing with water, was found 
to have lost none of its reducing power. 

Related to the above facts are others which bear directly on the 
properties of the dipeptide. A thermostable preparation from 
muscle made on the lines already described and in the form of a 
dry powder, although not, as already stated, entirely resistant to 
the influence of atmospheric oxygen, may yet be suspended in, say, 
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a phosphate buffer solution of pH 7.4, and aerated for some hours 
at room temperature with a stream of air, without losing more than 
a small fraction of its powers to reduce methylene blue anaero- 
bically, when subsequently supplied with oxidized glutathione. 
But suppose a few mg. per gm. of tissue of glutathione (wholly 
absent from the original thoroughly extracted tissue) be added 
to the buffer solution before the aeration. It will now be found 
that, after even relatively brief exposure to an air stream at room 
temperature, the tissue will have wholly lost its power to reduce 
under anaerobic conditions. This is found to be the case if it be 
tested in the presence of the glutathione as originally added before 
the aeration, or on the other hand, if in order to make the condi- 
tions comparable with those of other experiments, it be first 
washed, dried, and supplied with fresh dipeptide. 

Such results indicate clearly that the thermostable extracted 
residues from muscle contain oxidizable material, or, keeping to 
the point of view and terminology chosen for the purposes of our 
discussion, such residues still retain transponible hydrogen for 
which molecular oxygen, no less than methylene blue, can act as 
acceptor. The results show also that transport to oxygen is as 
greatly accelerated by the presence of the sulfur group of gluta- 
thione as is transport to methylene blue. 

It is clearly desirable that in such a connection quantitative 
data should be obtained, especially because with oxygen the 
changes involved can be made to proceed to completion instead 
of ceasing at an unknown equilibrium point, as in the case of the 
anaerobic observations made with methylene blue in closed tubes. 

For this purpose we employed the well known differential ap- 
paratus of Barcroft (see Series 6 and 7 in the next section). 

Suspended in phosphate buffer solutions of pH 7 to 8 and shaken 
with air, such thermostable preparations as we have described are 
found by themselves to take up oxygen with extreme slowness or 
not at all. If, however, oxidized glutathione, showing by itself, 
of course, no oxygen uptake, be added to the suspension fluid in 
amounts equal to, say, 10 mg. per gm. of dried tissue, a brisk up- 
take of oxygen occurs. Varying with the amount of glutathione 
added, and, of course, with the temperature, the time required 
for the oxidation to reach completion is in the case of 0.5 gm. of 
tissue from 1 to 5 hours. The total uptake is of the order of 
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400 e.mm. of oxygen per gm. of dried muscle residue. In a 
later discussion it will be shown that this represents a by no means 
unimportant fraction of the normal respiratory uptake of the 
tissue from which the preparation was made. Significant is the 
fact that the uptake of oxygen is associated with the production 
of carbon dioxide in definite amount. 

It is difficult to decide what type of material, oxidizable by 
atmospheric oxygen in the absence of an enzyme, but requiring 
for its oxidation the aid of glutathione, can thus remain associated 
with a tissue residue after very thorough extraction with hot water 
and aleohol. Until this is decided, the full significance of the 
phenomena described in this paper will not be understood. It is 
remarkable that the respiratory quotient (if in such a connection 
the term may be allowed) of the extracted muscle tissue is not 
constant during the course of the oxygen uptake, but gradually 
falls from high to lower values. An endeavor to determine what 
is oxidized in and by the thermostable system is in progress. 

In the particular instance of muscle, one point in connection 
with the oxidations which occur in the thermostable residue, 
though it is probably a minor one, is worthy of mention. 

In the case of yeast, and, almost certainly, in the case of cellular 
animal tissues such as hepatic and renal tissue, the substance 
responsible for the nitroprusside reaction given by the fresh 
tissue, is wholly removable by extraction with water. The reac- 
tion is apparently wholly due to the reduced glutathione present. 
In muscle fiber this is not the case. After the dipeptide has been 
completely removed from muscle the fibers still yield a strong 
nitroprusside reaction. The character of the reaction leaves 
little doubt that it is due to a sulfydryl group, and the suggestion 
is that one, at least, of the muscle proteins contains cysteine 
instead of cystine in peptide association. If so, the case is 
exceptional. As is well known, the proteins of the blood and con- 
nective tissue give no reaction, and though it is difficult perhaps so 
to wash a cellular organ as to obtain an absolutely negative result, 
the residual reaction is so slight that it may well be due to remain- 
ing traces of adsorbed glutathione. This is not so with muscle. 

In any case the fixed — SH group in the muscle fiber can exert 
none of the functions subserved: by that present in the soluble 
dipeptide. The ‘extracted residues which give in all cases a 
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strong nitroprusside reaction are, as we have seen, by themselves 
quite incapable of reducing methylene blue or of taking up oxygen. 
An interesting phenomenon in which both the “fixed” sulfur 
group and the sulfur group of glutathione are concerned may be 
easily observed. The sulfydryl as it exists in the tissue residue is 
itself scarcely at all autooxidizable. When the muscle residue is 
suspended in water or buffer solutions and the suspension thor- 
oughy aerated, or when it is shaken in a Barcroft apparatus, 
as in the experiments just described, the nitroprusside reaction 
survives almost indefinitely. If, however, glutathione be added 
to the solution before the aeration, the fixed —SH is oxidized and 
the strong nitroprusside reaction originally given by the tissue 
residue rapidly disappears. One of the tissue constituents of which 
the oxidation is catalvzed by the sulfur group of glutathione is, 
therefore, itself a sulfur group.? It is clearly not the only con- 
stituent so oxidized because the ‘“‘respiration”’ of the thermostable 
residue involves always the production of carbon dioxide. 


Oxygen Uptake by Washed but Unheated Tissue. 


In discussing the influence of glutathione in promoting oxygen 
uptake we have hitherto, for convenience in discussion, referred 
chiefly to its effect upon heated tissue residues. Since it acts 
with these it would be expected to act with tissues simply 
washed. It undoubtedly does so; but for the clear display of this 
property certain experimental conditions must be secured. If 
muscle, after thorough washing with cold water, but without 
further treatment, be supplied with glutathione and shaken 
in a Barcroft apparatus under conditions similar to those already 
described, an uptake of oxygen is observed; but it is slow and ir- 
regular. If, however, the washed residue be first extracted with 
aleohol, or if it receive only a very brief preliminary treatment 
with aleohol—the alcohol being then completely removed by fur- 
ther washing with water—the moist residue will now, in the 
presence of glutathione show a steady uptake of oxygen, which if 
due allowance be made for any variation in the water content, 


24 paper by Dixon and Tunnicliffe on the conditions controlling the 
oxidation of -SHL groups, which will shortly be published from this labo- 
ratory, contains results which bear upon the above phenomenon. 
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will be found equal to the uptake of a heated preparation. This 
correspondence is easily shown if the unheated and heated pre- 
parations are both employed in the form of a dry powder. There 
seems to be little doubt that the effect of the preliminary treatment 
is on permeability. Heat and treatment with alcohol seem to 
influence this on similar lines. It is noteworthy that although, 
as we have repeatedly stated, a washed residue without treatment 
establishes with the dipeptide a system which actively reduces 
methylene blue yet even in this case preliminary washing with 
alcohol or heating to 100°C. increases the velocity with which the 
system reduces. 


The Stability of Glutathione. 


It is important for proper appreciation of the part played by the 
dipeptide in the phenomena we have described, to realize that 
when its addition evokes activity in inactivated tissue prepara- 
parations, this is not because it, itself, acts as a primary hydrogen 
donator or oxygen acceptor. Its molecule is not oxidized in the 
sense that, say, succinic acid is oxidized by isolated tissues, or in 
the sense that the various substances studied by Thunberg are 
oxidized anaerobically by washed tissue in the presence of methy- 
lene blue. As Thunberg found that glutamic acid, one of its 
constituent amino-acids, is so oxidized, it might be expected that 
the dipeptide would suffer the same fate. This is not so. To 
judge, at least from experiments with excised tissue, its molecule 
as a whole is stable. In its case hydrogen attached to carbon is 
not mobilized, but only that attached to sulfur. The reversible 
change from the sulfydryl to the disulfide grouping is the essential 
happening. 

In proof of this statement we rely in particular upon the study 
of equilibria. When in anaerobic experiments with washed tissue 
and methylene blue a substance which acts as a primary hydrogen 
donator is added to the system (succinic acid, for instance, as a 
precursor of fumaric acid) the amount of methylene blue reduced 
when equilibrium is reached will naturally be proportionate to 
the amount of donator supplied. This is not the case when 
glutathione is in question. The final equilibrium in the system is 
quite independent of the amount present. This is clearly seen 
from the results of a series of observations (Series 3) in the next 
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section. An 8-fold increase in the concentration (the weight of 
tissue being the same) is seen to have no effect whatever upon the 
amount of methylene blue finally reduced. On the other hand the 
velocity of reduction increases with the concentration of the dipep- 
tide. Such results are consistent with the properties of a sub- 
stance concerned with hydrogen transport on the lines assumed in 
the course of this discussion, but the facts could not apply to one 
acting as the primary hydrogen donator. 

Equally definite evidence is obtained from a study of the effects 
of varying the concentration upon the oxygen uptake of a tissue 
residue. The results of Series 7, for instance, show that a 4-fold 
increase in the concentration of glutathione, while increasing the 
velocity of uptake, made no difference to the amount of oxygen 
ultimately taken up. 

It may be well to point out that tissue preparations have no 
power to oxidize glutathione as the result of such surface activity 
as that involved in the oxidation of amino-acids by charcoal. 

Warburg’ has recently demonstrated that various substances, 
including certain amino-acids, such as leucine, tyrosine, and 
cystine, are completely oxidized when their solutions are shaken 
with blood charcoal in the presence of air. No such property as 
this belongs to the tissue residues either when moist or when they 
have been dried and ground to a fine powder. We could discover 
at least no trace of ammonia or carbon dioxide production when 
leucine or tyrosine solutions were shaken for long periods in the 
presence, e.g. of a dried muscle powder supended in the fluid. 
Warburg obtained striking results with cystine. In this case the 
behavior of a tissue residue differs entirely from that of charcoal. 
It reduces the cystine to cysteine and then follow effects qualita- 
tively similar to those observed with glutathione. 


The Relation of Glutathione to other Respiratory Systems. 


The total reducing power of any tissue represents doubtless the 
sum of the activities of several different types of chemical mechan- 
ism. This is equally true of its total capacity for oxygen con- 
sumption. It is becoming evident, indeed, in a greater number of 
cases than was previously recognized, that a catalytic agency which 


3 Warburg, O., and Negelein, E., Biochem. Z., 1921, exiii, 257. 
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promotes a respiratory process may be one which under other 
conditions is responsible for reductions. 

A cold water extract of a tissue contains those oxidizing agencies 
which are at present known more particularly as ‘‘oxidases’’— 
the alcoholase of Batelli and Stern, catalysts of the tyrosinase 
type, purine oxidases, and the like. To these, or to some of them, 
and to the simultaneous presence of substances upon which they 
act (individually present in minute amounts) a cold water extract 
of a tissue owes part of its reducing power. Morgan, Stewart, 
and Hopkins (1922), for instance, have shown that tissue extracts 
oxidize xanthine and hypoxanthine anaerobically in the pres- 
ence of methylene blue, the latter acting as the hydrogen acceptor 
in what is probably a hydrolytic oxidation-reduction process. 
There is no good reason to suppose that the catalyst here concerned 
is distinct from the xanthine ‘‘oxidase” of other authors. Its 
action has usually been studied under aerobic conditions when 
oxygen instead of methylene blue becomes the hydrogen acceptor. 

The point, however, that we wish to emphasize here is that so 
far as we have been able to discover, glutathione exercises no 
functions in connection with oxidizing agencies of this type. If, 
at any rate, it be added to a cold water extract of muscle the 
velocity with which such an extract reduces methylene blue is, 
at most, but slightly accelerated. The sulfur group seems to have 
no relation with the soluble tissue enzymes. ° 

As is well known, Batelli and Sterns have distinguished from the 
soluble oxidases certain insoluble agencies in the tissues which 
they have called oxydones. The activities of these are, so far as 
we know at present, associated with the tissue structure as left 
atter extraction with cold water. Such agencies may represent 
something more than the equivalent of specific enzymes; they 
may comprise surface effects or other such factors. It is abun- 
dantly certain, however, that animal tissues after the most complete 
extraction with cold water retain unstable oxidation-reduction 
mechanisms possessed of marked activity. Their activity can be 
demonstrated either by the occurrence of direct oxidation in the 
presence of air or by indirect anaerobic oxidations brought about 
in the presence of such a substance as methylene blue. The sys- 
tems in question are thermolabile and characteristically unstable. 
It is by means of mechanisms of this class that excised tissues so 
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readily oxidize suecinie and citric acids (Thunberg, and Batelli 
and Stern) and probably by similar means many, if not all, of the 
substances in the extended list recently studied by ‘Thunberg are 
oxidized. 

With these insoluble but unstable catalytic mechanisms, as 
with the soluble catalysts, the sulfur constituent of the cell 
would again seem to have no concern. Studying at any rate the 
typical cases of the oxidation of succinic and citric acids, or rather, 
the power of these substances to act as oxygen acceptors (or 
hydrogen donators) in the process of methylene blue reduction, 
we have found that glutathione exerts in these connections no 
influence. The washed tissue with little or no reducing power of 
its own reduces actively when succinic acid is supplied. — If to this 
combination glutathione is also supplied the effects observed are 
merely additive (Series 4). It wouldseem indeed that the power to 
reduce the disulfide (—S—S —) group to the sulfydryl group (—SH) 
and thus to establish with glutathione a system which can trans- 
port hydrogen to methylene blue, or on the other hand a system 
which is autooxidizable, is to a peculiar degree attached to agencies 
which are not enzymes and are neither extracted nor destroyed 
by boiling water. Furthermore, we have so far been unable to 
prove with certainty that anv known soluble tissue constituent or 
metabolite is oxidized under the influence of the system constituted 
by the thermostable residue plus glutathione. No pure substance 
vet tried has by its addition to the system increased the amount 
of methylene blue it can reduce or added to its total oxygen uptake. 
Nevertheless, we have so fractionated and concentrated aqueous 
muscle extracts as to obtain preparations which do affect equilib- 
rium in the system to a marked degree. 


The Relation of Glutathione to the Atmungskérper of Meyerhof. 


There seemed from the first to be grounds for supposing that 
glutathione with its active sulfur group might be identical with 
the “‘respiratory substance’”’ (Atmungskoérper) of Otto Meyerhof 
(1918), or, atleast, form part ofa chemical system described under 
that name. Since the first brief account of the properties of the 
dipeptide was published this possibility has occurred to others.‘ 


4Compare Dakin, H. D., Physiol. Rev., 1921, 1, 403. 
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3 years, indeed, before glutathione was isolated, Meyerhof had 
fully considered the possibility that his Atmungsk6rper might be 
a substance carrying the —SH group, and he endeavored to test the 
matter experimentally. He points out in a highly interesting 
paper that, broadly speaking, there is a parallelism between the 
intensity of the nitroprusside reaction, as given by a veast extract 
or ‘“‘Wochsaft” and the activity of such an extract in restoring 
respiratory activity to washed acetone yeast. In his experiments 
cysteine appeared to have no such effect, but in order to test that 
matter further he studied the influence of thioglycollic and thio- 
lactic acids. He found as a matter of fact that when a yeast 
residue, inactivated by washing, was suspended in a neutral or 
slightly acid solution of either of these substances, an uptake of 
oxygen occurred, considerably in excess of what would be required 
to oxidize the added thio-acid to the disulfide form. 

The properties of the substances employed by Meyerhof were, 
however, such as to make the precise meaning of the experimental 
results somewhat obscure. The author found, for instance, that 
if thioglycollie or thiolactic acid be added to the tissue in the form 
of the corresponding disulfide derivative, neither substance pro- 
motes oxygen transport. The reason must be that the tissue does 
not reduce the —S—S— group of these compounds.’ ‘The 
processes involved do not seem to be in any obvious sense reversi- 
ble, therefore, and it is difficult under the circumstances to 
understand how the —SH group of these thio-acids can promote 
continuous oxygen transport. 

On the other hand, as we have many times pointed out, the 
disulfide form of glutathione is freely reduced by tissues, or washed 
tissue preparations, a characteristic which in this connection seems 
to be highly important. 

Meverhof noted another quality in the sulfur group of thio- 
glycollic acid (the substance most fully studied) which renders 
remarkable its ability to promote under the conditions of his 
experiments the uptake of oxygen by a washed tissue. 

In neutral or slightly acid solutions (pH 6 to 7) the —SH group 
of this acid is stable and not autooxidizable, yet it is only in solu- 


°Since the above was written we have ourselves found that dithiodi- 
glyeollic acid is, as a matter of facet, reduced by washed muscle and 
washed acetone yeast. The addition of these substances does piomote 
oxygen transport, though much less efficiently than glutathione. 

The above remarks, based upon Meyerhof’s own findings, therefore 
lose their point. 
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tions with this range of pH that the substance promotes respiration 
of the washed tissue. In more alkaline solutions it is itself auto- 
oxidizable, but then does not promote respiration, because as 
soon as it is oxidized to the disulfide form its relations with the 
tissue cease. Here again the properties of the natural constituents 
differ in a significant sense. The —SH group of glutathione is 
autooxidizable in neutral solution and it promotes the uptake of 
oxygen by a washed tissue within just that range of pH in which 
it is itself autooxidizable, and also capable of reduction by the 
tissue. It would seem at first sight as though the sulfur group of 
the natural constituent is more likely to possess the functions 
generally pictured for the Atmungsk6érper than that of thio- 
glycollic acid. Nevertheless, the facts brought forward in previous 
sections of this paper show that it is impossible to identify the 
dipeptide with any substance supposed to stimulate respiratory 
processes in general. Meyerhof, having observed that the 
influence of the sulfur group of thioglycollie acid was but little 
affected when the tissue residue (washed yeast) had undergone 
heating to 100°C.,° pointed out that this must constitute the most 
important distinction between the thio-compound and an agent of 
the coferment class, to which, ex hypothesi, the Atmungsk6rper 
belongs. 

From our own standpoint, as maintained throughout the present 
paper, the fact that the activities of the sulfur group seem to be 
unrelated to enzyme activities does not remove biological signifi- 
eance from the former; but enough has been said in previous 
sections to show that there are processes involved in the sum total 
of respiratory activity with which it has no direct concern. 

Meyerhof’s fundamental observation which led to the concep- 
tion of the Atmungsk6érper was the activation of washed tissues by 
a tissue “‘Kochsaft.”’ It is not unimportant to consider all that 
is involved in this phenomenon. A considerable part at least of 
the oxygen uptake which occurs is due to the fact that relatively 
insoluble catalysts present in the washed tissue are again supplied 
with soluble oxygen acceptors from which the original washing 
divorced them. 


6When we first observed that glutathione worked with heated tissue 
residues we were unaware that Meyerhof had 3 years before (1918) made 
the above observation with thioglycollic acid. 
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Any of the numerous substances proved by Thunberg, bv Batelli 
and Stern, and by Meverhof to be oxidized by a washed tissue, 
or shown in the later work of Thunberg to be capable of acting as 
hydrogen donators, may constitute oxidizable material in a 
Kochsaft. The concentration of any one of them will admittedly 
be very low, but now that we know they may be numerous it 
must be recognized that, collectively, their oxidation may account 
for a considerable oxygen uptake. As already stated the oxidation 
of such substances—as represented by succinic, citric, and certain 
amino-acids—by thermolabile catalysts in the tissue is unaffected 
by the presence or absence of glutathione. There is, on the other 
hand, no evidence to show that these particular oxidations require 
the presence of a soluble coagent of anv sort. 

Some observations of our own, concerned with animal tissues 
only, have a bearing on these considerations. We have prepared 
on Meyerhof’s lines from perfectly fresh tissues very active samples 
of Kkochsaft and have found that such preparations, if not exposed 
to the air, retain their activity for long periods. On the other 
hand we found that if the tissues from which they were prepared 
were allowed to stand before extraction, the extracts made from 
them grew progressively less active as the time allowed for 
survival or postmortem changes in the tissue was made longer. 
Such results suggest the disappearance of oxidizable material 
during the course of survival events rather than the destruction 
of acoferment. We are, of course, not suggesting that a Kochsaft 
contains no substance of such a type. Meyerhof’s classical] 
studies have shown that it does. We find, however, one difficulty 
in connection with the present discussion. It seems to be com- 
monly assumed, though not by Meyerhof himself, that the 
Atmungsk6rper is a single substance stimulating respiratory 
processes as a whole. If that were so it would certainly be an 
agent quite distinct from glutathione. If, on the other hand, the 
name may be taken to connote the activities of two or more 
substances each related to some particular aspect of respiratory 
oxidations, then glutathione shows itself to be one of these; its 
activity being more particularly, though not exclusively, related 
to respiratory factors (whatever they may prove to be) which re- 
main intact in a tissue when it has been heated. 
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A direct experimental demonstration, however, even of this 
established fact is not easy by the use of Kochsaft preparations. 
The concentration of glutathione in a Kochsaft may be con- 
siderably increased with relatively little effect upon its activity 
when added to a washed tissue. This, we think, is partly because 
the effect is at first swamped in the progress of rapid oxidations 
which, as we have just pointed out, proceed without the influence 
of any soluble coagent. There is, however, a further circumstance 
of importance. The physical condition of a washed tissue is such 
that part of its uptake of oxygen which depends specifically upon 
the presence of glutathione is slow (see above). On the other 
hand, the preliminary treatment with alcohol which, as we have 
seen, so efficiently promotes the combined activity of the tissue and 
the sulfur group renders the former entirely inactive towards the 
other constituents of a Kochsaft. Such facts as these require 
further study for their elucidation. 


EXPERIMENTAL. 
Section 1. Anaerobic Experiments. 


All our measurements of reduction velocity were made under 
anaerobic conditions. The tissue preparations were suspended in 
a phosphate buffer solution contained in test-tubes which could be 
evacuated. The tubes employed (somewhat similar to those used 
by Thunberg) are +} inches long with a diameter of 2 inch. <A 
short side tube projects from a tubular neck which is ground to 
receive a hollow glass stopper perforated by a hole at the level of 
the side tube. The tubes are evacuated when the hole has been 
made to correspond with the opening of the side tube, and if a 
suitable stopper grease be used a vacuum is maintained almost 
indefinitely after the tube has been closed by turning the stopper. 
For the purpose of our experiments it was found sufficient to 
evacuate the tubes by means of a good filter pump. In order, 
however, that the small residual oxygen tension should be iden- 
tical in any series involving a comparison, branch connection tubes 
were provided so that six or more of the test-tubes could be con- 
nected at once with the same pump, and so exhausted to exactly 
the same degree. 

All the determinations of reduction time recorded in the follow- 
ing tables were made in a phosphate buffer solution containing 


| 


I. G. Hopkins and M. Dixon 545 


primary potassium phosphate and secondary sodium phosphate 
(Sérensen). Almost invariably the pH of the system was 7.6. 
The glutathione, which is itself markedly acid, was dissolved in 
a somewhat more alkaline phosphate mixture (e.g., of pH 8) and 
the solution then adjusted to 7.6, the volume being also adjusted 
to yield a known concentration of the dipeptide. The required 
amount of a tissue preparation was first weighed into a reduction 
tube. It was then covered with a known volume of the buffer 
solution, either plain or containing glutathione (or other substance 
to be tested) in known amount. The final volume and the pH 
were always made the same in each tube of a series under com- 
parison. The methylene blue solution was added last and the tube 
or tubes immediately evacuated. After exposure to the tension 
of the pump for a standard time (usually 3 minutes after the 
manometer registered a steady pressure) the tubes were closed and 
transferred to a bath at 37°C. In most of the experiments which 
were concerned with a comparison of reduction velocities very 
small amounts of methylene blue were employed (0.2 to 0.3 ce. 
of 1:5,000). The observations were thus shortened without any 
loss of significance in the results. When final equilibria were to 
be determined stronger solutions of the dye were employed. The 
end-point taken coincided with complete decolorization of the 
tissue mass as well as of the supernatant fluid. 

The observations recorded in the tables which follow represent 
only a small proportion of the consistent series which have been 
made. The records occupy much space. We have selected, 
therefore, results which are typical of the average. 


Serves 1. Tissue Extracted with Cold Water Only. 


The muscle (or other tissue) after excision was finely chopped 
with sharp scissors until a homogeneous almost pasty mass result- 
ed. It was then transferred to astoppered cylinder and wellshaken 
with successive quantities of distilled water. The ease with which 
the glutathione contained in the original tissue, together with other 
reducing factors, is removed varies somewhat with the tissue 
employed. In the case of frog muscle six successive washings with 
50 to 60 times its weight of distilled water will usually yield a 
preparation with very small residual reducing power. In the 
case of fresh muscle from the rabbit or rat we have usually em- 
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ployed ten washings. After each successive washing the tissue 
mass was squeezed in a linen cloth. If its reducing power was to 
be studied in the moist condition the mass was finally pressed 
between filter papers and the amount required for an experiment 


TABLE I. 
3 
| | Be | Reduction 
Washed tissue preparation. te 
© = 
gm. oe. mg. 06. hrs. min, 
0.5 5 0 0.3} 6+. 
0.5 5 2 0.3] 0 55 
0.25 5 2 0.3; 1 30 
0.5 5 4 0.3} O 31 
0.6 3 2 0.2] 0 25 
0.3 3 0 0.2; 1 40 
0.3 3 2 0.21 0 59 
0.6 3 4 0.2) 0 14 
0.5 3 0 0.3 | 2 40 
0.5 4 0.3 18 
0.5 3 0 0.3; 5+ 
0.5 3 4 0.5} O 21 
(e) Ox muscle as dry powder......0.2 3 0 0.3 | 6 20 
0.2 3 2 0.3} 0 40 
0.2 3 4 0.3) 0 18 
0.5 3 0 0.3) 5 30 
0.5 3 4 0.3] O 16 
0.5 3 8 0.3} 0 9 


The few results recorded in Table I are sufficient to show the restoration 
of reducing power to washed tissue which results when glutathione is 
supplied. The latter, which was always employed in the oxidized form, 
has itself no reducing power. In all cases except (e), the tissue prepara- 
tion was weighed moist. Prepared as described above the tissue residues 
have a water content which is somewhat higher than that of the original 
tissue. The preparations were made immediately after the death of the 
animal except in the case of ox muscle, (d) and (e), which was prepared 
from butchers’ meat (rump steak). 
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weighed out as quickly as possible into the tubes. Occasionally 
the washed tissue was dried zn vacuo over sulfuric acid and finally 
ground to powder. 


Series 2. Tissue Residues after Extraction with Boiling Water. 


After the activity (in conjunction with glutathione) of ther- 
mostable tissue residues was first observed we found it desirable 
for the purpose of comparisons to deal with dry powdered prepara- 
tions prepared on standard lines. When, for instance, the activity 
of a preparation obtained by simply washing the original tissue is 
to be compared with that of the same tissue after heating to 100°C. , 
or after extraction with hot water, a change in the physical con- 
dition of the preparation may somewhat affect the velocity with 
which it reduces methylene .blue or takes up oxygen. If both 
preparations are dried, reduced to powder, and properly sampled— 
treatment which does not at all reduce the capacity to work with 
glutathione—the comparison is more accurate. 

The tissue may be first thoroughly extracted with cold water and 
subsequently heated to 100°C. and dried. It is best, however, 
to arrest survival processes by heating immediately after removal 
from the animal. Our standard preparations which in the case 
of muscle show remarkable uniformity of behavior were made 
as follows. 

The tissue is put through a mincing machine and immediately 
thrown into about thrice its bulk of boiling water. After cooling 
it is squeezed in a linen cloth and then quickly extracted six times 
with successive small quantities of boiling water. It is finally 
washed with a small quantity of alcohol, dried over sulfuric acid 
in vacuo, powdered, and sampled. 

All the tissue preparations in Table II were used in this form. 

Serves 2a.—The two experiments described under this head 
illustrate how small is the effect upon the activity of a tissue with 
glutathione when simple washing is followed by extraction with 
hot water. 

In each case the muscle was first washed ten times with 60 
times its weight of distilled water under anaerobic conditions 
(nitrogen). <A portion of this washed, but unheated, preparation 
was reserved for experiment. The remainder was placed in a 
flask just covered with water and then heated on the water bath 
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for 2 hours in an atmosphere of nitrogen. <A portion was again 
reserved at this stage. The rest was finally extracted six times 
with boiling distilled water. A portion of the residue at each stage 
was washed once with 96 per cent alcohol, dried in a vacuum desic- 
eator, powdered, and sampled. Preparation A was from ox muscle 
(beef); Preparation B was from the muscle of a recently killed 
rabbit. 


TABLE II. 
a3 12 
| | 3 
Tissue preparation Es Reduction 
weighed in form of dry powder. time. 
es | 32 | 
5 
gm. ce. mg cc. hrs. min 
0.2 3 0 0.2 | 24+ 
0.2 3 4 0 22 
a 0.2 3 0 0.2 | 12+ 
0.2 3 2 0.2 | 17 
0.2 3 0 0.2 | 24+ 
0.2 3 4 18 
(d) Rabbit muscle, another prepa- 
0.2 3 0 0.2 | 20 
0.2 3 4 0.2) O 12 
0.2 3 0 0.2| 5 36 
0.2 3 2 0.2; O 30 
Same preparation heated fur- 
0.2 3 2 0.2; 0 28 
0.5 3 2 0.2); 0 15 
0.5 3 8 0.21 0 4 


In each observation the tissue was suspended in a phosphate 
buffer solution of pH 7.6. The dipeptide added was dissolved in 
a similar fluid with pH adjusted to the same figure. The total 
volume in each tube was the same (23 ec.). Dried tissue 0.2 gm., 
glutathione + mg., methylene blue 0.2 ec. (1:5,000). The figures 
are the times taken for complete reduction. 
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Although the residual reducing power of the tissue by itself 
became zero after final treatment the reduction with glutathione 
remained as active as after simple washing. When the washed 
tissue is tested in its original moist condition heating to 100°C, 
always markedly increases the velocity with which it reduces in 
the presence of the dipeptide. 

Series 3.—Experiments were carried out to determine the effect 
of varying the concentration of glutathione upon the totalamount 
of methylene blue reduced when equilibrium is attained. The 
observations were made in evacuated test-tubes on the lines 
already described. The tissue employed was muscle in the form 
of the thermostable preparation, dried and powdered. The dipep- 
tide was dissolved in a phosphate buffer and the solution finally 
made to contain 8 mg. in 1 ce. at pH 7.6. 


TABLE III, 
Washed ‘ extracted 
| anaerobically. Heated 2 hrs. with hot water. 
Tissue alone. 
| hrs. min. hrs. min. hrs. min. 
Preparation A........ 3 16 o 16 20+ 
Tissue plus glutathione. 
| 
Preparation A........| 0 30 0 25 0 2 


Tor each experiment four series of tubes were prepared, every 
tube containing 0.2 gm. of dried tissue. The first series contained 
in each tube 2 mg. of glutathione, the second series 4 mg., the 
third 8 mg., and the fourth 16 mg. In each series the amount 
of methylene blue (1:1,000) was increased in successive tubes by 
increments of 0.1 ce. The total volume of fluid was made in every 
tube the same, variations in the quantity of glutathione solution 
being balanced by suitable additions of buffer solution, and varia- 
tions in the methylene blue solution by additions of distilled water. 
To each tube 1 drop of chloroform was added. All, after evacua- 
tion, were placed in a bath at 35°C. and left over night. When 
equilibrium was reached the point of transition from a tube in 
which the contents still showed a faint blue color to one which was 
colorless was noted in each series. 
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The wide variations in the concentration of the dipeptide had 
little or no effect upon the equilibrium point. 

In one experiment with rabbit muscle the contents of the tube 
in the first series containing 1.2 ec. of methylene blue were faintly 
but definitely blue. The next tube (1.1 ec.) was colorless. This 
point of transition was identical in each of the four series; with 2 
mg. of glutathione it was exactly the same as with 16 mg., though 
in the latter case equilibrium was reached much sooner. The 
tissue preparation by itself showed no reducing power. 

In a second experiment carried out on similar lines with a 
preparation of rabbit muscle, made with special precautions to 
avoid oxidation during the earlier stages of washing and extraction, 
the point lay between 1.7 and 1.8 cc. of methylene blue and was 
again identical in each series. 

In an experiment with frog muscle it lay in each series between 
0.8 and 1.0 ce. Sometimes in such experiments the results were 
not quite so sharp, it being difficult to distinguish with certainty 
between two adjacent tubes in a series. Even an 8-fold increase 
in the concentration of the dipeptide was never observed, however, 
to make an appreciable difference in the equilibrium point, 
whereas, no matter what the concentration of the associated 
dipeptide, an increase in the amount of tissue produced always a 
proportionate increase in the amount of methylene blue finally 
reduced. 

Such results show that glutathione cannot itself be a primary 
hydrogen donator in the reducing system which it establishes with 
the tissue residue (see also Series 8). 

Series 4.—A number of experiments have been carried out to 
discover whether known metabolites can act as primary hydrogen 
donators when added to the system constituted by a washed tissue 
residue and glutathione; in other words to decide whether the 
anaerobic oxidation of such substances by a tissue residue in the 
presence of methylene blue is accelerated by the sulfur group of the 
dipeptide. In general, negative results have been obtained; 
but the enquiry is by no means complete. It will be sufficient for 
the purposes of the present paper to give certain illustrative 
cases. 

The oxidation of succinic and citric acids by tissue catalysts 
has been much studied, and Thunberg has shown that these acids 
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act typically as hydrogen donators in the reduction of methylene 
blue by washed muscle: 

The following observations show that the presence of glutathi- 
one is without effect upon the velocity of this reduction. 


Preparation .A was one of rat muscle washed ten times with distilled 
water under conditions made as anaerobic as possible. It was not heated 
and was weighed moist. Preparation B was rabbit muscle extracted six 
times with boiling water, washed with alcohol, dried, and powdered. The 
succinie and citric acids were dissolved in phosphate buffer solution ad- 
justed to pl1 7.6. The final solution was one-tenth molar, and 1 ec. was 
used for each observation. The glutathione (oxidized form) was also in 
7.6 buffer solution, 1 ec., containing 4 mg., being employed. Adjustments 
to secure equal volumes were made with plain buffer solution also at pH 7.6. 
Methylene blue 0.2 ec. (1:5,000). Observations in evacuated test-tubes as 
before. The figures in Table IV are times taken for complete reduction 
at 35°C. 

TABLE IV. 


Preparation A | Preparation B 
0.5 gm. Q.2 gm. 
Ars. min, Ars. min. 
4: ‘“« glutathione and succinie acid...... 0 16 0 28 
. “glutathione and citric acid........ 0 21 0 28 


In the unheated Preparation A the catalysts responsible for the 
oxidation of succinic and citric acids (the oxydones of Batelli and 
Stern) are, of course, intact. It will be seen from the table that 
glutathione has no apparent effect upon the anaerobic activity of 
these. The reduction velocity induced when glutathione is added 
to either acid represents only the combined effect of each con- 
stituent acting with its own proper mechanism. In the case of 
the heated Preparation B the oxydones are destroyed. The 
presence of succinic or citric acid has in this ease no effect upon the 
reduction velocity induced by glutathione alone. 

Many experiments of the above type have been made, using a 
variety of substances in the place of the above acids. Only in the 
case of lactic acid has evidence so far been obtained to show 
that the anacrobie oxidation of the substance is influenced by the 
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presence of the dipeptide. Even in this case the requisite con- 
ditions are somewhat difficult to define. The experiments which 
bear upon the matter will form the subject of a separate paper. 


Section 2. Observations on Oxugen U ptake. 


Series 5.—The following observations show on other lines that 
vhat we have called thermostable tissue residues contain oxidizable 
materials. The oxidation of these by atmospheric oxygen is 
however, exceedingly slow, except when giutathione is present. 
It then becomes characteristically rapid. 

A thermostable preparation of rabbit muscle made on the lines 
already described and in the form of a powder was found, as in 
all cases, to show by itself little or no power of reducing methylene 
blue. In the presence of glutathione it reduced freely. 


TABLE V. 
Reduction 
time. 
hrs. min. 
ai in the presence of glutathione (3 hrs.).............. 5 14 


1 gm. of the powder was suspended in a phosphate buffer solution 
(pH 7.6) and the suspension briskly aerated at room temperature for 
6 hours. A second gm. was similarly suspended but in the presence of 
10 mg. of glutathione. This was aerated also at room temperature and 
side by side with the above, but for 3 hours only. Both samples were 
filtered off, thoroughly washed side by side until the second sample was 
again free from dipeptide, and then dried in vacuo so as to be comparable 
with the original powder. The portions thus treated were then compared 
in respect of their residual reducing power with the original preparation. 
The figures given in Table V are for 0.2 gm. of the preparation, 4 mg. of 
oxidized glutathione being supplied in each case. Conditions as in previ- 
ous experiments with methylene blue. 


The results in Table VI were obtained in the case of rat muscle, 
prepared and treated on lines similar to the above. ‘The aeration 
was carried out at 35°C. 

Such experiments show that the thermostable preparations con- 
tain hydrogen donators which are quickly oxidized by molecular 
oxygen in the presence of the sulfur group of the dipeptide, but 
which show considerable resistance to oxidation in its absence. 
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Series 6.—The oxygen uptake of thermostable tissue restdue in 
the presence of glutathione was determined quantitatively in the 
familiar differential apparatus of Barcroft. A weighed quantity 
of the preparation under study, suspended in a measured quantity 
of a buffer solution containing a known amount of glutathione 
(pH usually 7.6), was placed in one flask of the apparatus. 
KOH for the absorption of COs. was present in the chamber 
provided. In the second flask was placed a quantity of distilled 
water or buffer solution equal to that in the first. The apparatus 
after proper adjustment was then shaken in a water bath at known 
temperature until cessation of movement in the manometric 
fluid showed that the oxygen uptake was complete. Control 
observations (e.g. with the tissue preparation in-the absence of 
glutathione) were usually made in a second apparatus shaken 
side by side with the first. Apart from the ordinary careful 


TABLE VI. 
Reduction 
time. 
hrs. min, 
as in the presence of glutathione (13 hrs.)............. co 


calibration of the instruments it is then important if velocity of 
uptake is under study, to make sure that they yield strictly com- 
parable results. In the case of a system such as that constituted 
by a suspension of a tissue a relatively small difference in the shape 
of the flasks may appreciably affect the rate of uptake. It is in 
any case best to use flat bottomed flasks shaped so as to secure 
a relatively large surface for the suspension fluid. 

The observations recorded in Table VII show the total oxygen 
uptake of various thermostable preparations in the form of a dry 
powder suspended in a buffer solution. It should be observed 
that as the dipeptide was always added in the oxidized form there 
was no need to allow for oxygen taken up by preexisting —SH 
groups. If any such experiment be stopped before the uptake of 
oxygen by the system is complete a nitroprusside reaction can 
always be observed in the suspension fluid, showing that the tissue 
preparation has reduced the disulfide group. When the oxygen 
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uptake has ceased no reaction is obtained. The hydrogen 
donators in the tissue are then exhausted and the reduced dipep- 
tide itself reoxidized. 

Series 7.—Experiments were done to determine the carbon 
dioxide production which is associated with the oxygen uptake of 
thermostable tissue preparations. It is easy to demonstrate that 
COs: is actually produced and that its production with any appre- 
ciable velocity is dependent upon coagency of glutathione. If 
a gramortwoof a dried preparation be suspended in water, or in a 
buffer solution, and if the suspension be then briskly aerated 
with a stream of air which is subsequently led through a solution 
of barium hydroxide, secareely any visible clouding will be seen 


TABLE VII. 

Uptake 

Gluta- | Tem- | Total Time yl 

Tissue preparation. thione pera- | oxygen for complete pe sal 

present.) ture. | uptake. uptake. prepa- 

ration. 

gm mi. c.mm.| hrs. min. | C.mm. 

0.5 20 6) 4 12 
0.5 + 20 209 | 4 418 

0.2 S 20 $2 1} 410 

Rabbit muscle. Another 

0.5 S 20 205 | 3 10 410) 

0.5 0 20 0; 3 20 0 
0.5 a 20 211 3 20 42° 

0.5 8 30 201 1 o0 404 


even in the course of several hours. If, however, a few milli- 
grams of glutathione be added to the suspension the baryta solu- 
tion begins to cloud almost at once. This, as other experiments 
show, 1s not due to the oxidation of the dipeptide itself. 

To measure the CO: production two separate sets of the Barcroft 
apparatus, known to give corresponding results, were employed 
simultaneously. In one of these potash was placed in the flask 
containing the tissue, whereas in the other apparatus no potash 
was present. Exactly similar quantities of tissue preparation, 
glutathione, and buffer solution were placed in each and the two 
were shaken side by side. The difference shown in the respective 
manometer readings measures the CO, production. 
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To save space the results of one experiment only will be given 
(Table VIII). They are typical of others obtained except that in 


different experiments the actual rate with which the ratio ~ 
2 


falls off may vary somewhat. 

Series 8.—Several experiments were made to determine the 
effect of varying the concentration of glutathione upon the total 
uptake of oxygen by the system constituted by a thermostable 
tissue residue and the dipeptide. The results were entirely 
consistent in showing that wide variations in the concentration, 
while of course, influencing the velocity of uptake, have no effect 
upon the total amount of oxygen finally absorbed. Such results 
confirm those obtained with the methylene blue technique (Series 
3) in showing that the dipeptide is not itself oxidized. 


TABLE VIII. 


Rabbit musele, dry preparation, 0.2 gm., glutathione S mg., buffer 
solution 8 ee., bath at 35°C, 


| Oxygen 
| | produced. 
| 
| c.mm. 
2.3 | 4.0 0.33 


We give, in the form of curves of oxygen uptake, the results of 
a typical observation of this kind. It will be seen that a 4-fold 
increase in the concentration of the dipeptide (the amount of 
tissue remaining the same) while it about doubled. the initial - 
velocity of uptake had no effect upon the total amount of oxygen 
absorbed. 


DISCUSSION OF RESULTS. 


Considered from any standpoint that is familiar, the cireum- 
stance that a not inconsiderable part of the respiratory activity of 
a tissue can depend upon factors that are completely thermostable 
must appear surprising. The conclusion that such factors func- 
tion in life is one which seems, at first sight, difficult to accept. 
We think, nevertheless, that if the evidence be duly considered 
this conclusion becomes inevitable. 
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With regard to the substance glutathione it would seem that the 
properties of its sulfur group are such that once the presence of 
the dipeptide in a tissue has been shown, a recognition of the fact 
that it exerts a real influence in the processes of reduction and 
oxidation as they occur in that tissue follows almost as a corollary, 

The —SH groupunderthe physicaland chemical conditions which 
exist in living tissue is certainly autooxidizable. It is equally 
certain that once the —SH group has given place to the —S—S— 


Cmm. 
200 


0 2 3 4 6 
Hours 


Fic. 1. Curves showing uptake of oxygen by 0.5 gm. of thermostable 
muscle residue (rabbit) in phosphate buffer solution at pH 7.6 and 20°C. 
(a) In the presence of 16 mg. of glutathione (upper curve); (b) in the pres- 
ence of 4 mg. of glutathione (middle curve); and (c) by tissue residue 
alone without dipeptide (lower curve). The glutathione was added in the 
oxidized form which absorbs no oxygen until reduced by the tissue. 

It is seen that a 4-fold increase in the concentration of the dipeptide, 
while increasing the initial velocity of uptake, had no effect upon the 
total amount of oxygen absorbed. The curves indicate that the extracted 
residue contains a definite limited amount of material readily oxidizable 
in the presence of glutathione, but oxidized only very slowly in its absence. 
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group as the result of such oxidation there are factors in the tissues 
which promptly restore equilibrium by fresh reduction of the latter. 
This ability to reduce the sulfur groupings is-displayed in high 
degree by a tissue during the first stages of its survival processes; 
that is, immediately after its removal from the body, though the 
intact tissue loses it in process of time. It follows that when the 
—SH group is undergoing oxidation, or (in a possible case) when 
its hydrogen is being transferred to some other acceptor, a certain 
concentration of this oxidizable group is maintained so long as the 
tissue contains transponible hydrogen for the purpose. Whether, 
therefore, the quantitative importance of this process in the tissues 
be small or large it seems to follow from the properties of the 
sulfur group and from the particular oxidation and reduction 
potentials which exist in the tissues that glutathione must play 
a part in certain respiratory activities. What is remarkable, 
however, is the fact that its part in the tissues should apparently 
be played, not in connection with processes of a familiar type; 
not, that is to say, with chemical reactions controlled by enzymes 
or unstable catalysts, but in relation with tissue elements which 
are heat-stable and, directly, at least, with materials which are 
insoluble in aqueous media. It should be understood that al- 
though little has been said of the matter in the present communica- 
tion there is evidence to show that soluble metabolites do, when 
proper conditions are secured, come under the influence of what 
we have called the thermostable system. The facts which bear 
upon this statement will be given in a later paper. 

It is scarcely possible to deny that the thermostable residue 
described in this paper as reducing and ‘‘respiring”’ in the presence 
of the sulfur group of glutathione (but effectively, only in its 
presence) really represents—doubtless imperfectly—a system with 
actual functions in the living cell. 

A freshly excised normal tissue freely reduces the disulfide 
group in neutral solution and at the temperature of the body 
(a property which chemically speaking, is itself exceptional); 
the same tissue after thorough washing with water or normal 
saline solution exhibits still the same property, and no one prob- 
ably will deny that this is due to factors surviving from the original 
tissue. When, however, the washed tissue residue is subsequently 
repeatedly extracted with hot water the final residue retains 
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almost undiminished the reducing power in question. Whatever 
factors are then responsible it is searcely logical to suppose that 
essentially they are other than those which confer the same 
property on the original tissue. Yet it is precisely this power 
of reducing the disulfide group to the autooxidizable sulfydry] 
group that makes any system containing glutathione an active 
mechanism. 

It is noteworthy that the activities which are established when 
glutathione is brought into relation with a tissue which has been 
simply well washed with cold water show little if any quantitative 
difference if the same tissue has been first completely extracted 
with boiling water. They are searecly affected if the tissue be 
finally dried and powdered. In this particular relation the 
properties of what we have called the thermostable residue are 
identical with those of a tissue simply washed. 

It is certainly not easy to picture what precisely can be the 
factors of constitution in the thermostable residue which determine 
its peculiar relations with sulfur groupings. It is sure that it does 
not act exclusively in a physical sense as a colloidal system. The 
fact that the uptake of oxygen, which it exhibits in the presence 
of glutathione is associated with a definite output of COs shows 
that materials are actually oxidized in the system. The dipeptide 
in conferring activity upon it undergoes itself no change other than 
reversible changes which are confined to the sulfur group. The 
materials oxidized are, therefore, certainly present in the tissue 
residue itself, and are apparently very closely associated with the 
remains of structural elements. They do not represent merely a 
residuum from soluble metabolites imperfectly removed during 
the treatment. When a tissue has been well washed and then 
twice or thrice extracted with boiling water no amount of sub- 
sequent extraction affects the extent of oxygen uptake which 
occurs when the preparation is afterwards aerated in the presence 
of glutathione. In the case of muscle this uptake seems indeed 
to have a definite and characteristic value, being nearly the same 
in preparations made from the muscle of different individuals, and, 
to judge from a few observations, even of different species. 

The nature of the materials thus closely associated with the 
solid elements of a tissue, and displaying towards oxygen the pecul- 
iar relations described, is as yet obscure. They are not apparently 
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of a lipoid nature because extraction of a dried preparation with 
alcohol and ether does not diminish its activity. It is remarkable 
that during the course of oxygen uptake the respiratory quotient 
of the thermostable system characteristically falls from a high 
initial value to one which is near zero. 

It is clear that in the oxidations (anaerobic or aerobic) involved 
the dipeptide accelerates transport and acts as a “earrier.”’ In 
this sense it is a catalyst. It would seem that catalytic functions 
of a kind must also be ascribed to the residual tissue structures in 
spite of the fact that their influence withstands the effects of heat. 
We have at least been quite unable to find any substance physio- 
logical or other which by itself in neutral aqueous solution and at 
ordinary temperatures is capable of reducing the disulfide group, 
or upon the oxidation of which under such circumstances the 
dipeptide exerts any influence. It is possible that the molecules 
which suffer oxidation are in some way orientated as the result 
of their association with tissue structures. If so, the configura- 
tion must be very stable. 

While there is much that is obscure in the phenomena involved 
the facts in our opinion fully justify the claim that a non-enzymic 
oxidation-reduction system represented by the thermostable 
residue plus the sulfur grouping of glutathione actually functions 
in the cell. 

It is, of course, quite another matter to decide what actual share 
of the normal respiratory activities of a living tissue can be 
attributed to the chemical mechanism under consideration. It 
is, indeed, scarcely possible to obtain real information of any such 
kind from experiments such as ours, or from those of others using 
a similar technique. When the tissues are chemically dissected 
and partially reconstituted, the quantitative relationships among 
interacting factors and no less their spatial relations are neces- 
_ sarily greatly disturbed. 

Such technique can satisfactorily and conclusively demonstrate 
the existence of a particular chemical mechanism in a tissue; 
quite other evidence must decide what precise quantitative part 
it plays in support of normal tissue activities as a whole. 

Apart from reference to tissues normally metabolizing it is not 
even a simple matter to decide what proportion of the whole 
oxidation-reduction capacity possessed by a freshly excised tissue 
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is reproduced when glutathione alone is added to a residue which 
has been rendered inactive by washing. 

It should be fully understood that in our experiments the reduc- 
tion velocities recorded, and no less the rates of oxygen uptake, 
were for the most part obtained by supplying to the system con- 
stituted by a washed, or by a washed and heated, tissue sus- 
pended in buffer solution a quantity of glutathione much greater 
than what would be contained in a corresponding weight of the 
original tissue. We have usually supplied from 2 to 8 mg. per 
gm. of tissue, whereas 1 gm. of fresh muscle contains probably 
no more than 0.25 mg. It is difficult to determine what may be 
the potentiality of this lower concentration when it exists in pro- 
per relations with the tissue structure. 

As the result for instance of heating fresh intact muscle to 100°C, 
the velocity with which it reduces methylene blue is very greatly 
reduced; so much so that a superficial observation might decide 
that the reducing power had disappeared, though this is by no 
means the case. The reduction proceeds very slowly to an equilib- 
rium which may be reached very rapidly when sufficient gluta- 
thione is supplied. In the latter case the relative importance of 
the thermostable system (compared with that of other reducing 
systems present in the original tissue but destroyed by heat) 
may seem to be exaggerated by an artificial increase in one of its 
constituent factors. It is equally sure on the other hand, that 
relying on the velocity of change, its importance would be much 
underestimated if the behavior of the heated fresh tissue without 
addition were alone considered. It would be entirely wrong to 
assume from this that with the relatively low concentration 
of glutathione present in fresh muscle the reducing mechan- 
ism deseribed in this paper is under normal circumstances 
of quite small quantitative importance. A cell constituent. 
possessing functions such as those claimed for glutathione can 
scarcely fail to have in the intact tissue an unequal distribution. 
It will be locally concentrated in correlation with its functions. 
The disintegration due to such treatment as heating to 100°C. 
must, especially in the case of a very soluble and diffusible sub- 
stance, gravely disturb such efficient distribution. Moreover, 
in experiments upon methylene blue reduction, or upon oxygen 
uptake, the tissue must almost necessarily be suspended in a fluid, 
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and into this soluble constituents diffuse. The effective local 
concentration becomes, therefore, greatly reduced. If it is to be 
restored by increasing the concentration in the fluid this iricrease 
may need to be considerable. 

In our experiments with preparations deprived altogether of 
their stock of glutathione by extraction with water, cold or hot, 
the dipeptide was restored by adding it to the fluid in which they 
were suspended to the extent of about 1 to 2 parts per 1,000 (about 
0.002 m). Although as already stated the artifigial system (tissue 
preparation plus fluid) contained, as a whole, ntuch more of the 
substance than would appertain to a corresponding weight of the 
original tissue, it is unlikely that the concentration maintained 
at the actual locus of change was above normal. It was quite 
probably much less. The reduction, it should be understood, 
proceeds within, or at the surface of, a solid phase (the tissue 
residue), and not in solution. 

For any attempted appraisement of the relative quantitative 
importance of the phenomena involved, comparisons of final 
equilibria are, owing to limitations in the available experimental 
methods, perhaps more significant than comparisons of velocity. 

Even from these, however, it is difficult to draw satisfactory 
conclusions. <A dry preparation from muscle, representing what 
we have called throughout this discussion the thermostable residue 
when ‘‘respiring”’ under the influence of glutathione, takes up in 
all about 400 c.mm. of oxygen per gm. This amount appears to 
be characteristic and constant for preparations made on the lines 
described in the last section. Calculated for moist tissue it means 
an uptake of rather more than 100 e.mm. per gm. If we take 
Thunberg’s figures for the respiration of excised frog muscle at 
20°C. this corresponds with the consumption of the intact tissue for 
a period of 13 hours. If, again, we take Verzar’s figure for the 
respiration of mammalian muscle in situ the above figure corre- 
sponds to the consumption of something less than 3 hour. It is 
not easy to determine satisfactorily what is the total capacity for 
oxygen uptake possessed by a given weight of fresh excised muscle. 
To judge from approximate data obtained by ourselves the uptake 
of the thermostable system is about one-tenth of the total possible 
uptake of the tissue from which it is prepared. 
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Such figures, however, have but a limited application. They 
give no conclusive information as to the relative importance of 
events ina tissue normally metabolizing. What issure (as it seems 
to us) is that in the living cell catalysis by enzymes Is associated 
with quite another type of catalysis. How they are related in 
the chemical organization of the cell as a whole can only be estab- 
lished by much further study. 


SUMMARY. 


When a tissue is washed until it has lost its power of reducing 
methylene blue the subsequent addition of glutathione to a buffer 
solution in which the tissue residue is suspended restores reducing 
power. 

This is the case when the dipeptide is added in its oxidized 
(disulfide) form. The tissue residue first reduces the sulfur group 
and a system is thus established which under anaerobic conditions 
continuously reduces methylene blue until an equilibrium is 
reached. 

A tissue washed until it no longer ‘‘respires”’ will, when suitably 
treated and supplied with glutathione, again take up oxygen and 
vield carbon dioxide. 

Sach part of its reducing power and respiratory activity as is 
regained by a washed tissue on the restoration of glutathione re- 
mains almost unaffected when the tissue is heated to 100°C. or 
even thoroughly extracted with boiling water. 

The residue from muscular tissue so heated and extracted will 
in the presence of glutathione take up about 400 c.mm. of oxygen 
pergm. of dry material. During the earlier stages of oxygen uptake 


~ 


the quotient ~ is usually about unity; later it falls to lower 
2 


values. 

Glutathione does not appear to be a coagent in any known 
enzymic system. 

The facts suggest that coexisting in living tissues with the special- 
ized enzymic mechanisms is a thermostable mechanism for oxida- 
tions and reductions. Materials in some close association with 
structural elements are oxidized, anaerobically or aerobically, with 
the coagency of the sulfur group in glutathione. 
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NOTE ON A COLORIMETRIC METHOD FOR THE DETER- 
MINATION OF SMALL AMOUNTS OF MAGNESIUM. 


By F. 8S. HAMMETT anp E. T. ADAMS. 
(From The Wistar Institute of Anatomy and Biology, Philadelphia.) 


(Received for publication, September 6, 1922. 


The recent publication by both Briggs! and Denis? of colori- 
metric methods for the determination of small amounts of mag- 
nesium based on the colorimetric procedure for phosphorus of Bell 
and Doisy,* led us to compare our method of separation of the 
NHiMgP0O, precipitate by filtration* with their method of separa- 
tion by centrifugation. 

It was found that separation by filtration and subsequent diges- 
tion of the asbestos and precipitate with dilute HCI invariably 
gave results which were slightly greater than those obtained by 
centrifuging off the NH4MgPO;, and solution of the dried, washed 
precipitate in the centrifuge tube. A search for the source of 
this discrepancy led to the discovery that the best acid-washed 
asbestos contains sufficient phosphorus, or other substances 
capable of giving the Bell-Doisy color reaction, to yield a well 
defined colorimetric test. A similar finding was obtained with 
pulp made from the best grade of filter paper. 

It is therefore obvious that the separation of NHiMgPO, by 
filtration is attended with the possibility of a difficultly controllable 
plus error, and that separation by centrifugation as proposed by 
both Briggs and Denis is to be preferred. 

We have, therefore, modified our procedure, in that we now 
precipitate the magnesium as previously described in 25 ce. 
centrifuge tubes, scratch the sides of the tubes well, and allow the 
mixture to stand over night. The precipitate is centrifuged off, 


1 Briggs, A. P., J. Biol. Chem., 1922, lii, 349. 

2 Denis, W., J. Biol. Chem., 1922, lii, 411. 

> Bell, R. D., and Doisy, E. A., J. Biol. Chem., 1920, xliv, 55. 
‘Hammett, IF. S., and Adams, E. T., J. Biol. Chem., 1922, lii, 211. 
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washed twice with 10 per cent NH,OH and once with ammoniacal 
alcohol, dried, and dissolved in 10 ee. of 0.1 N HCl in the tube. 
The subsequent procedure is as already described. 

We have also found that a cause of the fading of the color pro- 
duced in the Bell-Doisy method, mentioned by them, by Randles 
and Knudson,’ and by Briggs' 1s the use of old carbonate-sulfite 
solutions in which much oxidation of sulfite to sulfate has occurred. 
Possibly intermediate products of the reaction (catalyzers of 
oxidation) are contributing factors. That the color fading is 
due to oxidation, is shown by the fact that it begins at the surface 
of the liquid in the neck of the flask. We, therefore, use carbonate- 
sulfite solutions not older than 2 weeks and which have been 
kept in tightly stoppered 500 cc. bottles. 

Differences in color due to unequal oxidation are done away 
with by pouring a few cubic centimeters from the second test 
solution at the same time the colorimeter cup is being rinsed with 
the first. In the magnesium determinations, however, one stand- 
ard is used for each test solution because of the small final volume. 


5 Randles, F.S., and Knudson, A., J. Biol. Chem., 1922, lili, 53. 


| 
| 
| 
ViIM 


METABOLIC DISTURBANCES IN CATS ON A MILK DIET.* 


By GEORGE W. PUCHER anp KARL I’. CORL.F 


(From the Department of Laboratories of the Buffalo General Hospital and 
the State Institute for the Study of Malignant Disease, Buffalo.) 


(Received for publication, September 16, 1922.) 


The eats used in our studies on the effect of x-rays on metabolism 
were maintained on a milk and meat diet. This being a common 
food for domesticated cats, should produce no metabolic dis- 
turbances. However, these animals behaved contrary to all our 
expectations. The urine, instead of being acid, was intensely 
alkaline to brilliant yellow paper, and possessed strong reducing 
properties (Benedict’s solution). Furthermore, the odor of the 
urine became very disagreeable and the animals suffered from 
intermittent diarrhea. This production of diarrhea in eats after 
the ingestion of milk was first observed by Magnus! and utilized 
by him to study the action of morphine. That these phenomena 
were not accidental is shown by the fact that when water was sub- 
stituted for milk, a strongly acid urine, normal for carnivorous 
animals, was excreted. As soon as milk was again introduced into 
the diet, the same symptoms as previously mentioned were devel- 
oped. Such profound alterations in metabolism on the mere ad- 
dition of milk is not only very startling, but may be of value 
in understanding those diseases of babies attributed to cows 
milk. With this viewpoint in mind the following preliminary 
experiments were undertaken to determine the salient factors 
involved in this curious phenomenon. 


EXPERIMENTAL PART. 


Qualitative Observations.—F ive ordinary cats, fully grown, vary- 
ing in weight from 4 to 6 kilos were fed once a day with 150 gm. of 
meat and 100 to 150 cc. of water. The urine so collected, pre- 
served from bacterial action with toluene, was light yellow or 


*Presented before the Biological Section of the American Chemical 
Society at Pittsburg and released for publication in this Journal by the 
courtesy of the Editorial Board. | 

tT We wish to express our thanks to Miss H. Goltz who assisted in some 
of the determinations. 

‘Magnus, R., Arch. ges. Physiol., 1906, ev, 320; 1908, exxii, 210. 
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brown in color, practically odorless, and contained only a small 
quantity of sediment. It was acid to litmus, brilliant yellow, 
and phenolphthalein. It did not reduce Benedict’s solution 
(5 minutes boiling), and contained only a very small amount of 
carbon dioxide. No differences were observed between male and 
female animals. When 150 ee. of milk in addition to the meat were 
fed, within the first 24 hours, the urine of all five cats became a 
dirty gray in color, very turbid, and contained considerable sedi- 
ment most of which consisted of triple phosphates. Only a very 
few scattered epithelial cells and no pus cells were present; no 
positive test for albumin could be obtained. These observations 
indicate that cystitis may be excluded. The odor of the urine 
became very intense and the reaction strongly alkaline to brilliant 
yellow, while in some instances even alkaline to phenolphthalein. 
All samples reduced Benedict’s solution (5 minutes), and con- 
tained large amounts of bicarbonates. Diarrhea always developed 
in the first 24 hour periods and continued intermittently over the 
whole course of the experiments. The animals, however, did not 
appear sick and lost no weight. The milk was taken greedily by 
the animals, and was apparently thoroughly enjoyed. Asa matter 
of fact, the cats preferred the milk to the meat and generally con- 
sumed this part of the diet first. The same type of reactions were 
obtained, over the whole experimental period although the inten- 
sity varied from day to day. At no time, even after a period 
of 3 weeks, was the urine acid to brilliant paper or free from large 
quantities of bicarbonates. When the milk was withdrawn and 
water substituted, the animals always gave the normal urine 
previously described. 

These experiments show that the administered milk was the 
cause of this unique change in metabolism and that it was not a 
peculiarity of one particular cat but a general phenomenon of a 
variety of cats picked up at random. 

Quantitative Experiments.—The cats were kept in ordinary wire 
cages with inclined galvanized iron bottoms fitted with drainage 
pipes connected to bottles containing about 10 to 15 ec. of toluene. 
The animals were fed once a day at 10.30 a.m. The cups con- 
taining the milk or water were fastened to the cages in such a way 
that spilling of the contents was excluded. Well nourished, full 
grown, healthy cats, which had been adapted to cage life were 
employed in these experiments. The cats showed no signs of 
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excitement or restlessness and were exceptionally good animals for 
metabolism experiments. 

The food used consisted of fresh meat without bones or fat and 
of pasteurized cows milk obtained from the hospital kitchen. 
The food was always completely consumed. Tor this preliminary 
study the following substances were determined. 

Total Nitrogen.—Folin’s microchemical Kjeldahl method was 
used. 
Ammonia.—Folin’s and MeCallum’s procedure was employed. 

Sugar.—The urine was first tested qualitatively with Benedict’s 
solution and if positive run quantitatively as in the Myers and 
Benedict blood sugar method. It had been determined by 
experiment that in the dilutions used (2 ee. of a 1:10 dilution) 
the color produced by the creatinine could be neglected. 

Total Carbon Dioxide.—This was determined, in the Van Slyke 
apparatus, on the urine after saturation of a sample with CO, 
at alveolar air tension. Although this procedure does not give the 
actual amount of carbon dioxide present at the time the urine 
leaves the bladder, nevertheless it is the only way consistent results 
could be obtained. By this method the same values for the carbon 
dioxide content were obtained whether the sample was analyzed 
immediately after voiding or 24 hours thereafter. These values are 
probably very near the actual ones, since Gamble? has shown that 
the elimination of carbonic acid in the urine is determined by the 
carbon dioxide tension of the blood plasma. For the sake of 
convenience the total carbon dioxide has been calculated over to 
sodium bicarbonate and referred to as such in the discussion. 
Of course, in those instances in which the urine is acid to phenol- 
phthalein there is no doubt that the carbon dioxide evolved 
represents the bicarbonate that is present. However, in those 
experiments in which the urine was also alkaline to phenol- 
phthalein a large part of the carbon dioxide is in the form of 
carbonates, but from the data at present available the carbonate- 
bicarbonate ratio cannot yet be evaluated. 

Acidity.—The degree of acidity or alkalinity is expressed in 
terms of cc. of 0.1 N alkali or acid, using phenolphthalein as 
indicator. 

The data obtained by these procedures are presented in Tables 
I and II. 


? Gamble, J. L., J. Biol. Chem., 1922, li, 295. 
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Weight of ° cat = 4.5 kilos. Weight of @ cat = 3.7 kilos. 


= 
= 
3 
3 


Acidity. NaHCOs 
Time Volume. ae Sugar. +=0.1N NaOH (calculated from 
Date. inter- 0.1N total CO»). 
val. 
j 


May 1 48 200) 210 | | 


— 

Gr 


3 24 120! 90 1.052, 052 
“ 24 80) 125) 1.056) 1.046 +48.0'+63.0) 0.02 | 0.02 
“ 5 24 110} 140) 1.060) 1.042 +58.0'+66.0 0.02 | 0.02 
! 


“ 6 24 170] 165) 1.036, 1.030, 2.35 | 2.28 |+18.0/+61.0} 0.58 | 0.48 
70; 155, 1.048) 1.036) 0.94 | 1.78 5.6,— 6.9) 0.45 | 0.86 
85; 195) 1.050, 1.050) 1.5 | 3.9 0.20 | 0.54 
9 95) 0; 1.050 0.85 +33.0 0.04 

- © 2 0} 125 1.046; 2.09 +17.9 0.30 
a 95) 230) 1.048) 1 044 0.95 | 3.48 +19.8/+ 9.0) 0.078) 0.953 
“ 12 24 = 120) 155; 1.042) 1 038° 1.52 2.48 0.19 | 0.46 


TAR 
| Ammonis 
| (NH), 
| 
| gm. 
Apr.30 48 170. 180 |+58.0/+46.0 | 0.56 
|+18.0!+46.0) | (0.45 
| 
(0.42 
0.35: 
0.34 
| 
10.43 | 0.48?" 
0.42 
XU) 
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| 
gm. | gm. 
6.5 
5.0 
9 | 3.8 
25 | 4.8 
3.1 
15 
5.1 
3.36 | 8.2(?) 
4.5 


NHs3 
| Total nitrogen Diet. 
0.071 0.037 150 gm. meat + H.O. Normal period. 
0.074 0.052 “ 
150 “ ‘Meat was thrice extracted 
150 “ ie ilies | with hot water before feed- 
0.066) 0.051 « | ing. 
0.12 | 0.14 | 150 gm. meat + 150 ce. milk. | Trace of diarrhea. 
0.14 | 0.12 150 “ 1 * Diarrhea. 
0.11 150 Urine dirty gray in color. 
0.076 150 (150 Odor very bad. 
0.11 150 + 150 “ 
0.13 | 0.12 | 150 “ o + * 
0.10 | 150 «6+ 150 


: 
Total nitrogen 
| 
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Weight of 2 cat = 4.5 kilos. Weight of o@ cat = 3.7 kilos. Tan 
Specific + OTN Nalco Ammonis 
val. 
Sect. 
| Ars. ce ce. gm. gm. cc. cc. gm. gm. | me 
24 «160 175) 1.058 1.050 0.0 | 0.0 | + 74 +101 0.02 0.50 | 0.3 
48 175 175 1.062 1.050 0.0 | 0.0 + 93) + S87) 0.04 0.50 | 0.8 
48 135, 205) 1.060! 1.050; 0.0 | 0.0 + 72; +123, 0.03 0.46 | 0.4 
48 150, 225) 1.062; 1.048, 0.0 | 0.0 + 71) +133, 0.032 0.35 0.7 
24 SO) 105) 1.060 0.0 | 0.0 + 50) + 46; 0.02 | 0.02 0.20 0.% 
Seetic 
24 =147) 133) 1.050; 1.050) 1.5 1.3 +2.9) + 42) 0.47 0.42 | 0.28 
5 24 | 275) 325; 1.022] 1.022) 2.0 | 3.6 —384| — 72) 7.4 2.5 112 
6 24 | 135; 200) 1.040) 1.030) 0.73 | 2.2 —146| + 34) 1.8 0.93 | 07 
7 24 105} 140] 1.040) 1.030} 0.71 | 1.2 | — 53) — 22! 0.93 0.52 | O88 
16 24 160| 165) 1.030 1.034) ++ | + | —155) + 19) 1.41 1.06 | 
24 197) 165) 1.036 1.55 | 2.47 | —276) + 29) 4.05 1.63 | 05 
48 446 400) 1.034) 1.020; 6.7 | 10.0 |—772 | + 84} 11.1 4.08 | 1. 
48 400) 450 1.026) 1.028) + |++-+| Alka-| Alka- 
| | line. | line. | 
| 24 | 330) 425 1.028; 1.040) 4.6 14.0 |—198 | — 85) 4.9 2.08 | 14 
| 24 18 415} 1.030; 1.026; 0.71 | 5.4 |— 71 | — 26) 1.7 1.22 | 10 
225) 327) 1.028) 1.030; 0.0 6.5 |—162 | — 33) 3.2 19 {21 
48 150 275; 1.014) 1.030; 0.90 | 5.2 | — 15) + 66) 1.57 0.95 | 1b 
24 123) 177) 1.022) 1.024, 1.04 2.5 | —102) + 14) 1.8 0.88 (04 
48 250) 290; 1.024) 1.030) 1.9 5.2 | —115) —110) 2.7 14 [Li 
48 242) 340) 1.028) 1.030) 2.1 4.4 | —162| —173) 3.8 1.6 {2.0 
24 1.040; 1.036) 0.0 | 0.0 |+21.6] + 40) 0.48 2.4 (?)) 0.2) 
24 50; 105; 1.060) 1.046; 0.0 0.0 |4+28 | + 56) 0.05 0.57 
24 75} 80) 1.054) 1.040) 0.0 0.0 | + 40) 0.03 0.20 | 
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Total NHs 
nitrogen. | Total nitrogen Diet. 
| gm. gm. 
54 0.093 150 gm. raw meat + HO. 
9.7|0.062}0.034 1500“ “ 4 
13.0) 0.062, 0.041 ‘Normal period. 
13.5) 0.048] 0.051 50 4 « 
6.0, 0.063, 0.031 © 
$3.9) 5.0) 0.107, 0.05 | 150 gm. raw meat + 200 ce. milk. 
4.710.80|0.25}150 “ “ “ +4200 “ “ | Strong 
* * * * Faint diarrhea. 
436] 3.5:0.29/0.16/150 “ “ “ +4200 “ |) During this| 
chiefly tri- 
week no quan- 
titative data.{ P 
phates. 
>Urine always 
o albumin. 
alkaline and 
reduced Bene- 
} dict’s solution. 
3.5] 0.38} 0.21} 150 “ “ “ +4200 “ “ | Strong diarrhea. | 
40} 3.5) 1.02 | 0.47 300 ee. milk. Diarrhea. 
eo Only a few crystals of triple 
phosphates in sediment. 
3.2] 2.7) 0.65 | 0.49 
13] 1.10.94 | 1.08 
1.2) 1.12 | 0.96 
D. 
0.40 | 0.29 150 ec. milk 
2.1! 0.63 | 0.20 
3.2) 0.46 | 0.53 Strong diarrhea. 
2.91 0.73 | 0.69 Very flocculent yellow sedi- 
ment. Diarrhea. 
(3.6) 3.1) 0.67 | 0.17 150 gm. meat + H,0O. 
27) 4.4) 0.21 | 0.038 150 Urine clear as in Section A. 
3.0) 3.2) 0.067, 0.041 « 
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DISCUSSION OF TABLES. 


Table T.—It will be noted that within 24 hours after the feeding 
of the milk, the urine contains nine times as much bicarbonate 
as during the normal period. This large excretion of bicarbonate 
is not constant, but always markedly higher than in the normal 
period. It will also be noted that the total acidity is decreased 
as the bicarbonate content increases. The ammonia-total nitro- 
gen ratio is also increased 1.5 times under the influence of the milk 
diet. All urines on a milk diet showed a positive Benedict’s test 
and varied in their total sugar excretion as shown in Columns 7 
and 8. (See discussion concerning this reducing substance.) It 
will be observed that the male cat always has a higher exeretion 
of sugar than the female. 

Table II, Section A.—This simply represents a normal period on 
a meat and water dict. 

Table II, Section B.—The addition of 50 ec. more of milk to the 
diet increased the symptoms recorded in Table I to a much 
greater degree. Within 48 hours after the addition of the milk 
the bicarbonates increased in the case of the female cat 350 times 
over the normal value, while in the male eat, it was 100 times over 
thenormal. It will be noted that the urine in both animals, with 
the increased elimination of bicarbonates, has become strongly 
alkaline even to phenolphthalein. The ammonia-total nitrogen 
ratio increased in the female eat ten times and in the male cat 
six times over that of the normal period. The reducing properties 
of the urine on this diet was about the same as in Table I. 

Table IT, Section C.—These experiments are a continuation of 
those in Section A. The meat dict was eliminated and the milk 
increased to 300 ce. The animals lost no weight during this 5 
day period and the svmptoms were of the same general character 
as recorded in the other sections. However, it will be noted that 
the ammonia-total nitrogen ratio as well as the amount of bicar- 
bonate excreted was higher than in any of the other protocols. 

Table II, Section D.—This is a continuation of Section B in 
which the milk was cut down to 150 ee. This was practically a 
starvation diet. The results are similar to those reported in the 
preceding sections, the urine continuing to be alkaline and the 
ammonia-total nitrogen ratio far above its normal value. To 
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see how long a period was required to bring the animals to their 
normal state, (latter half of Section D), after a 3 weeks milk diet 
the normal diet (150 gm. of meat and water) was again fed. In 
24 hours the urine of both animals was acid to phenolphthalein 
and contained no reducing substances. The bicarbonate and 
ammonia-total nitrogen ratio were still high but within 48 hours 
this had also returned, in the case of the male cat, to its normal 
value. The female cat required 96 hours to reach the values of 
the normal dict. 


DISCUSSION OF DATA. 
Our qualitative as well as quantitative results prove that eats 
suffer a disturbance in their alkali metabolism when on a milk 


TABLE III. 
Summary of Data. 


Normal period. Milk diet. 
Meat and water. 
Aversee amount exe | 
? 
ws 91.0 109.0 148.0 187.0 
1.059 1.048 1.034 1.030 
0.017 0.018 1.94 1.16 
NH; 
0.065 0.049 0.405 0.282 
Total nitrogen 


*4+ = NaOH. 
= O.IN H.SOs,. 


diet. This is particularly shown by the huge amounts of bicar- 
bonate eliminated by the animals on such a diet. Animals fed on 
meat and water excrete only a small, but very constant amount of 
bicarbonate. This observation is in harmony with that of 
Gamble? on human urine. 

In order to obtain a better contrast between cats on a normal 
diet and those fed with milk Table III is recorded. The figures 
represent the average sum of the substances excreted for 24 hours 
on the two diets. 


4 

i 

be 

4 


Metabolic Disturbances in Cats 


576 


¢90'0 | | S60'T | SSL | Sh | 1S » 
» OF | 98°0| F60'0 | + [0901 | FIL | SF 

» €80°0 | 80°0 | + | SSE | SF 
| 0% | 290°0 FL | O | FHT | Sh , 

» 0 ZL | S880] 120'0 | O |] | SF 
» SL | ¢20'0 | O | | SF 
| » OL 6°¢ | | O | | Sk 

| 2 = L¢ | | | | Sh | SS, 

+ Yeour |$0Z'0 | 180°0 | O | SPI | | 

| ub ‘mb ‘29 


"AL 


= JO FIONA 


| 
| | 
| 
| 
| 
| | 
| 
| 
} 
| 
| 
| _| | 
| | 
| | 
| | | 
| | 
| | 
| | 
| 
XU 


G. W. Pucher and Kk. F. Cori 577 


The mechanism of these changes in the metabolism of the 
eats or the substances present in the milk which induce these 
changes have not yet been completely determined. However, it 
has been proven that lactose alone is not responsible for any of the 
effects observed. This is demonstrated by the data in Table IV. 

It will be observed that on the administration of lactose the urine 
in no case became alkaline (to brilliant yellow or phenolphthalein) 
or increased in bicarbonate content. The ammonia-total nitrogen 
ratio remained constant during the entire experimental period. 
It will also be observed that even though the animals suffered 
from diarrhea on an excess of lactose, none of the symptoms similar 
to those shown on a milk diet were developed. This indicates 
that the marked disturbances in cats produced by milk are prob- 
ably independent of the occurrence of the diarrhea. 

These experiments also indicate that cats have a relatively high 
lactose tolerance and that only after 25 to 30 gm. in 48 hours 
have been ingested is there any sugar excreted in the urine. Yet 
in most of our experiments in which milk was administered to the 
eats, a sugar reduction was obtained. It seems very improbable 
that this could be lactose since the amount of lactose contained in 
the milk was far below the determined lactose tolerance of the 
animals. Furthermore, no lactose could be identified (mucic 
acid test) in any of the urines examined. The nature of this 
reducing substance, for the present recorded as sugar, will be 
investigated later. It is also our intention to determine the 
constituents of the milk responsible for this change in cat me- 
tabolism and to apply, if possible, these observations to metabolic 


disturbances produced in babies by cows milk. 


SUMMARY. 


1. Cats when fed on meat and water excrete a urine normal for 
carnivorous animals. The total carbon dioxide content of the 
urine is very small and constant in value. 

2. Cats when fed on milk excrete within 24 to 48 hours a urine 
which shows the following qualities: (a) Alkaline to brilliant 
yellow or even to phenolphthalein; (b) substances which easily 
reduce Benedict’s solution (5 minutes boiling); (c) huge amounts 
of bicarbonates (calculated from. total carbon dioxide evolved) ; 


. 
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and (d) increase of the ammonia and the ammonia-total nitrogen 
ratio. 
3. These symptoms were observed as long as the animals were 


maintained on a milk diet (3 weeks). 
4. Within 48 hours after the withdrawal of the milk the animals 


returned to normal. 
5. Milk sugar is not responsible for these changes in the alkali 


metabolism of the eats. 


XUM 


ON THE CONSTANCY OF THE CREATINE-CREATININE 
EXCRETION IN CHILDREN ON A HIGH 
PROTEIN DIET.* 


By VICTOR JOHN HARDING anp OLIVER HENRY GAEBLER. 


(From the Department of Pathological Chemistru, University of Toronto, 
Toronto, Canada.) 


(Received for publication, September 19, 1922. 


In a general way it is usually agreed that the appearance of 
creatine in the urine is concomitant with a lowered creatinine 
excretion, and such a generalized idea has been adduced as a 
reason for the biochemical interrelationship of the two substances. 
So diverse, however, have been the conditions under which creat- 
inuria has been observed to appear and disappear, that such a 
generalized expression has never been accorded the validity of a 
biochemical law. 

The clearest example of the reciprocal relationship of creatine 
and creatinine, and the consequent constancy of the excretion of 
the sum of both in an individual, is perhaps to be found in the 
work of Benedict and Diefendorf (1) on starvation in a woman. 
Goldschmidt, Pepper, and Pearce (2) point out the constancy of 
the total creatinine (creatine + creatinine) in a child of 53 years, 
observed before and after splenectomy. Cameron and Gibson (3), 
from a study of the creatine-creatinine excretion in various cases 
of muscular dystrophy, and in amputations, argue strongly for 
the interrelationship of the two. : 

— The clear-cut character of results such as these, however, has 
not always been attained, and it is such failures which have 
militated against the placing of the relationship of creatine and 
creatinine upon a quantitative basis. Thus, to cite only one recent 
example, we may mention the work of M. 8. Rose (4) upon 
creatinuria in women, where after noticing that ‘‘ very often when 


* The authors wish to acknowledge the assistance of a grant from the 
Research Committee of the Medical Faculty of the University of Toronto. 
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the creatine was high the creatinine was low, and vice versa,” 
she observes, ‘‘but in plotted curves the sum of the two did not 
make a straighter line than either one alone.” 

So many factors, however, have been found to influence the 
excretion of creatine (acidosis, dietary protein, water drinking), 
that such failures are not surprising, and it is only when such fac- 
tors are brought under rigid control or are compensated by ob- 
servations over longer periods of time and the taking of averages, 
that the reciprocal relationship of creatine and creatinine is shown 
to be quantitative. 

In the present paper, we wish to show that normal children of 
the same age and under the same environment, excrete the same 
quantity of total creatine (creatine + creatinine in terms of crea- 
tine). And that, if the total creatine in milligrams be expressed 
as a coefficient of the body weight in kilos, the figure obtained is a 
constant, independent of the age of the child, and of the same 
magnitude as the creatinine coefficient of an adult man. This 
figure we have called the ‘‘total creatine coefficient. ”’ 

The experiments upon which these conclusions are based were 
commenced with the object of repeating the observations of Denis 
and Kramer (5) upon the creatinuria of children, and we may say 
that our experiments are corroborative of the findings both of 
these workers and of Powis and Raper (6). We wish, however, 
in this communication, to report the results: obtained on as high 
a protein diet as the child could conveniently consume. At the 
outset we wish to emphasize the normal character of our children. 
They were children living at an Institute! on the outskirts of the 
city, and who had been sent there as mild cases of malnutrition 
with a history of possible exposure to tuberculosis. In none of 
them, however, had there been any active infection, and all were 
at normal weight and actively engaged in play in the grounds of the 
Institution. They were thus during the experiment, and for some 
time previous had been, under the same environmental conditions 
of diet and exercise. Twelve children were selected and divided 


1The authors wish to express their thanks to the Governors of the 
Daughters of the Empire Preventorium for permission to use their labora- 
tories, and the facilities for work which they afforded. Thanks are also 
due to Professor Alan Brown, of the Department of Pediatrics, for the keen 
interest he has taken in the work. 
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into three groups according to age, and each group consisted of 
two children of each sex. They were fed at a separate table, and 
the diet and urine collections were made the special care of one 
nurse. Each group was studied separately. The diet consisted 
of cereals, eggs, bread, butter, milk,” potato, vegetables, sugar, 
and oranges. The amount taken at each meal was charted, and 
the nitrogen intake calculated. Except that the children were 
deprived of meat and soups made from meat stock, the diet did 
not differ markedly from that to which they were accustomed, 
and as meat was in the ordinary routine, only supplied once a 
day, the experimental period represented no sharp break from 
their customary diet. In Table I are presented the average figures 
for a 3 day period for each child when on the high protein diet. 
The constancy of the nitrogen excretion of eaci: group upon the 
same diet will be noted. 

Group A, the youngest children, shows a remarkable constancy 
in the total creatine excretion, each child varying but a few milli- 
grams from the average of the whole group (344 mg.). Group B 
also shows a good agreement in the excretion of total creatine by 
each child, and it is Group C which shows the greatest discrepan- 
cies. In this last group, it would almost appear that the boys 
were separating from the girls. If, however, we compare the total 
creatine coefficients with the creatinine coefficients, the reciprocal 
nature of creatine and creatinine in children comes clearly to light. 
The creatinine coefficients range from 10.1 to 18.2, whereas the 
total creatine coefficients vary from 21.3 to 27.6, and this last 
figure stands alone in this series, a much better high limit being 
24.7. The averages for each group too are instructive.- The 
average creatinine coefficient for each group rises definitely with 
increasing age and weight, accompanied as it is by an increasing 
percentage of musculature. The total creatine coefficient, how- 
ever, is remarkably steady around the total average of 23.1. 
Particularly interesting too, is the case of L. G.in Group C. This 
girl was a big, heavy girl, overweight according to her age, and 
whose creatinine coefficient was distinctly under the average of 
her group. Yet, she excreted nearly half as much creatine again, 


* The ingested creatine coming from the milk amounted to 20 to 30 mg. 
per day. This amount is of insignificance compared with the total 
excretion. 
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as her companion girl in the same group, and her total creatine 

coefficient becomes almost exactly the same as the total average. 
These findings, like those of Folin and Denis (7) and Denis and 

Kramer (5), receive their simplest interpretation by assuming that 


TABLE L* 
| | ae | | Crea- |Average Total 
| N Total |Average) Tota] 
| cleat. | tiem. | tine. cient. 
Group A. Ages 2} to 33 yrs. 
key. gm. am. mo. ma mg. 
M.W. I 14.0 | 12.1 6.13 173 12.4 138) (338.68) 24.19 
H.C. 14.0 ; 12.1 6.78 141 10.1 145 (308.56) 22.04 
G.L. M. | 14.5 | 12.1 6.21 180 | 12.5 | 121 (3829.80) 22.74 
V.D. as 15.0 | 12.1 6.85 | 200 | 13.6 | 125 (357.00) 23.80 
Group B. Ages 4 to 43 yrs. 
AM.C. | F. | 16.5 | 11.4] 6.25 | 223 | 18.7 | 100 |358.68] 21.7 
D.F. 1 7.34 | 276 | 14.2 | 109 /|429.16) 22.4 
W.R. M. | 19.0 | 11.4} 8.43 | 281 | 15.0 | 90 415.96] 21.9 
A.L. | 17.0 11.4 7.00 | 261 | 15.6 77 =|379.76| 22.4 
Group C. Ages 9 to 93 yrs. 
28.8 | 15.6 | 10.94 | 524 | 18.2 | 187 27.6 
L.G. | 33.5 | 15.6 | 10.06 | 439 | 14.1t| 259 [769.24] 22.9 | 
R.A. | 25.0 | 15.6 | 10.61 | 454 | 18.0 | 90 /616.64) 24.7 
S.G. | “ | 27.6 | 14.3] 9.13 | 476 | 17.6 | 36 |588.16| 21.3 


* Analytical Methods.— Total nitrogen, micro method of Gulick. Creatine 
and ereatinine, micro method of Folin using creatinine-zine chloride as 
standard. pH, method of Palmer and Henderson; these never showed 
any significant variations. 

+ Excluded from average. 


creatine is produced from protein either zn toto or from a special 
fraction of it, is stored in the muscles, and is converted into creat- 
inine. With the saturation of the muscles with creatine, any 
excess production will find its way into the urine, and provided the 
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dietary protein is not reduced to such a low level that a condition 
of protein starvation occurs, the urinary creatine will appear as a 
waste product of exogenous origin. If, however, the constancy 
of the total creatine coefficient, when upon a high protein diet, 
is admitted, it would involve the conclusion that creatine produc- 
tion reaches a maximum, and that once that maximum is reached 
no amount of further feeding of protein, however excessive, will 
result in an augmented creatinuria. Similarly, moderate de- 
creases 1n protein intake may fail to lower or abolish an existing 
ereatinuria. That such a maximum probably exists can be shown 
experimentally in dogs, and these results will be reported later. 

The acceptance of these conclusions also involves a further 
corollary that the muscular system does not control the production 
of creatine. It is certainly remarkable that a child of 3 years 
should produce per kilo body weight as much total creatine as an 
adult man. The muscular system of the child has not reached 
its maximum percentage of the. total body weight, and the relative 
creatinine production is low. It would thus appear that creatine 
disappears from the urine of the adult man when the creatinine 
coefficient has attained its average maximum value, and the 
muscular system has also reached its average adult percentage of 
the total body weight. This being so, one can only agree in part 
with Mellanby (8) that the production of creatine is not con- 
trolled by the muscular system, which is in harmony with its 
phylogenetic and otogenetic history. Cameron and Gibson (3) 
in a recent article, have expressed a similar conclusion from a 
study of the creatine-creatinine excretion in muscular dystrophies 
and amputations. 


Influence of Age and Sex upon Creatinuria. 


_In view of the figures given in Table I and the conclusions which 
have just been expressed, it is evident that some of the current 
conceptions on the effect of age and sex upon the creatine excretion 
of children, require revision. These conceptions are based upon 
the work of Rose (9) and Krause (10). The former drew the 
conclusion that creatine was present in the urine of children up 
to the age of puberty; the latter that creatinuria was present in 
boys up to the age of 5 to 6 years, but that in girls, it continued up 
to the age of 10. Undoubtedly, in drawing this conclusion 
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Krause was influenced by his previous observations that creat- 
inuria could occasionally be found in normal adult women. It is 
very evident that boys of ages higher than 5 or 6 years excrete crea- 
tine, if sufficient protein is supplied in the diet, and judging from 
the amounts of creatine excreted by the two girls in Group C, that 
they would continue excreting creatine long after the age of 10, 

The relation of the creatinine coefficient to the total creatine 
coefficient, however, shows that on the average creatine will 
disappear from the urine of both boys and girls at about the 
age of 16 years, if each sex develops the muscular system to 
the same degree. This figure has been attained by plotting the 
group creatinine coefficients against the group age and _ extra- 
polating the curve obtained until it reaches the figure equivalent to 
the average total creatine coefficient. It is interesting to note that 
at this age the muscular system has attained its maximum develop- 
ment in relation to body weight forming about 44 per cent of the 
total (11). In thus setting 16 years as the age at which creatinuria 
will disappear even upon a high protein diet, it is only intended to 
convey that that is an average figure. Undoubtedly, cases will 
be found in which creatinuria persists beyond this age. Thus, 
Folin and Denis (7) report the case of a normal boy of 17 still 
excreting creatine, and undoubtedly there must be many cases 
where creatine has disappeared at an age earlier than the average. 

As far as our figures show, there is no distinct influence of sex 
in the early years. Apparently, however, there is a slight di- 
vergence in later years (Group C), but the figures are not sufh- 
ciently numerous to permit of the drawing of decided conclusions. 
The well known results of Tracey and Clark (12) on the low creat- 
inine coefficients of normal women as contrasted with normal 
men, would however, incline us to believe that taken on the 
average, the majority of women would show creatinuria on a high 
protein diet. This, we believe, in spite of the negative results of 
Rose (4) and Rose, Dimmitt, and Bartlett (13). In this con- 
nection, we think that an examination of the results shown by 
the two girls of Group C is of interest. Both girls, of the same 
age and upon the same dict excrete almost the same amount of 
nitrogen. L. G. has a low creatinine coefficient and is a fat, 
heavy girl. It might therefore be expected that she would con- 
tinue to excrete creatine for at any rate a longer period of her life 
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than her companion C, A., especially as her excretion under iden- 
tical conditions is nearly 50 per cent higher. Such a prediction 
should be true for the average case. Girl C. A., however, possesses 
an exceptionally high total creatine coefficient and would need to 
develop an exceptionally vigorous muscular system in order to 
attain a creatinine coefficient equivalent to 27.6. While we believe 
that on the average, the height of the creatinine coefficient gives a 
method of predicting the presence or absence of a creatinuria upon a 
high protein diet we have no means of foretelling the exact height of 
the total creatine coefficient in the individual. 


Total Creatine Coefficient in Some Pathological Conditions. 


In order to see whether the conclusions drawn from a study of 
the creatine excretion in children are applicable to creatinuria in 
pathological conditions when on high protein diets, we have 
tabulated in Table IT some results of our own, and such results in 
the literature as we could find, and in which were reported the 
requisite data. It will be seen that with two exceptions, creat- 
inuria in pathological conditions shows the same general rule as 
creatinuria in children. The total creatine coefficient averages 
21.9, a figure very close to that given as the average for children 
of 22.7, and that the variations in the coefficient cover the same 
range as does the creatinine coefficient in normal man. This, we 
think is remarkably good agreement, as the conditions of diet were 
not uniform, and the investigators, including ourselves at the time 
of the observations, were quite unaware of the constancy of this 
figure. The two exceptions are possibly to be explained by the 
exceptionally heavy weight of the boy O. Sch., and that child 
D. R. was on so low a protein diet, that some of the creatine may 
be of starvation origin. 

Particular interest attaches itself to the observations in the 
hyperthyroid cases reported by ourselves, Denis, and Denis and 
Minot. Owing to the experimental work on creatinuria in this 
condition, a great deal of attention has been centered on the 
thyroid, and Gross and Steenbock (14) have made the function 
of this gland an~essential part of their theory of the origin of 
creatine from arginine. It would not appear from the results 
we have just given that the thyroid gland plays any direct réle 
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in the production of creatinuria. Acromegaly, muscular dystro- 
phies, and children all show a power to produce the same amount 
of creatine per kilo body weight as the normal adult. Only in so 
far as the activities of the thyroid alter the proportion of muscular 
mass to total body weight, does that gland contribute a quota to 
the production of a creatinuria. 
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SOME SOURCES OF ERROR IN THE DETERMINATION 
OF CHLORIDES IN BLOOD AND SIMILAR MATERIAL.* 


By ISIDOR GREENWALD anp JOSEPH GROSS. 


(From the Harriman Research Laboratories, The Roosevelt Hospital, 
New York.) 


(Received for publication, September 25, 1922.) 


In the course of work in the analysis of blood, the authors have 
employed a number of reagents for the removal of the proteins 
before proceeding to the determination of other constituents. 
Two of these, picrie acid (1) and nitrie acid (2), appeared to offer 
peculiar advantages in the subsequent determination of chlorides 
and other inorganic constituents. However, it was found that 
the amount of silver chloride that was obtained from volumes of 
filtrates corresponding to the same amounts of blood was much 
less when nitric acid was used as the precipitant than when 
picric acid was so employed. Moreover, the silver precipitate 
obtained with the latter was always yellow and it retained this 
color even after prolonged washing with hot water. The color 
could be removed by washing with concentrated nitric acid but 
the weight of the residual silver chloride was greater than that of 
the precipitate obtained from a nitric acid filtrate corresponding 
to the same amount of blood. 

The yellow silver chloride precipitate was not completely soluble 
in ammonia but left a gelatinous precipitate, suggesting the pres- 
ence of a purine. The precipitate was filtered out, washed, and 
suspended in dilute hydrochloric acid. After heating for 30 
minutes, the mixture was filtered, the filtrate was almost neutra- 
lized and was then treated with sodium acetate, sodium bisulfite, 
and copper sulfate in the usual manner. The precipitate obtained 
was filtered out, washed with hot water, and decomposed with 
hydrogen sulfide. The filtrate from the copper sulfide was evapor- 
ated and treated with a little picrie acid. On cooling, a lemon- 


* A preliminary report was read before the American Society of Bio- 
logical Chemists, at New Haven, December, 1921. 
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vellow picrate crystallized. This was at first thought to be 
hypoxanthine picrate but later experiments have shown that it 
was probably a mixture of hypoxanthine and adenine picrates. 
Apparently, the yellow color of the original silver chloride precipi- 
tate was due to the presence of purine-silver picrates. These have 
been described by Bruhns (3) who ascribed to them the formula 
(Purine-H) AgC;H,(NOs)30H. Attempts in this laboratory to 
prepare the hypoxanthine compound by adding silver nitrate to 
hypoxanthine picrate solutions or picrie acid to a solution of hypo- 
xanthine silver nitrate and excess silver nitrate have always 
vielded precipitates containing less hypoxanthine and more silver 
than this formula requires. 

The ammoniacal filtrate from the purine-silver precipitate was 
acidified with nitric acid and the reprecipitated silver chloride was 
filtered on a Gooch crucible and weighed. The amount found 
was greater than that obtained from a nitric acid filtrate from a 
corresponding amount of blood. Evidently, nitric acid failed to 
extract all of the chloride from blood. | 

It seemed to be of interest to investigate other protein pre- 
cipitants that have been recommended for use in the determination 
of chlorides in blood. Accordingly, samples of oxalated blood 
were treated as called for in the description of the methods. 
However, since it was desired not to have the results complicated 
by variations in the character of the end-points used in the 
several titrations, all the determinations discussed in this paper 
were made gravimetrically, either by weighing the silver chloride 
precipitated by the addition of silver nitrate (and nitric acid) 
to the protein-free filtrate or, where this was, for one reason or 
another, undesirable, by using a known excess of silver nitrate, 
removing the precipitate, and then determining the excess of 
silver in the filtrate by precipitation with hydrochloric acid. 
In many cases both methods were used. In almost every instance, 
filtrate equivalent to 10 cc. of blood was used. In a few cases, 
the equivalent of 5 ec. of blood was employed. 

The results obtained are summarized in Table I. The first col- 
umn of figures gives the values obtained by digestion of the blood 
with nitric acid and an excess of silver nitrate until all the organic 
matter had been dissolved. It was not necessary to use potassium 
permanganate (4). These are regarded as probably the most 
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accurate values and all others have been compared with them. 
The three following columns give the results by the three methods 
in which picrie acid is used as the protein precipitant. As might 
be expected from what has been said about the occurrence of a 
purine-silver picrate, the results obtained by the technique of 
Myers and Short (5) are too high, the average error being 3 per 
cent. Even if 5 per cent nitric acid be present, as in the method 
of Austin and Van Slyke (6), the error is about the same. This 
3 per cent error is found if the amount of excess silver in the 
filtrate from the blood chlorides is determined and used as a basis 
for the calculations. If these. are based on the weight of the first 
silver chloride precipitate, the error is even greater because of the 
high molecular weight of the purine-silver picrate. If the pre- 
cipitate is washed with concentrated nitric acid, the agreement is 
better, the maximum error being 2 per cent and the average less 
than 0.5 per cent. 

If the proteins are precipitated with nitric acid and the chlo- 
rides are determined in the filtrate, the results are always too low 
by from 5 to 8 per cent. They are as much too high if the nitric 
acid and silver nitrate are combined in one solution as in the 
methods of Gazzetti (7) and of Rappleye (8). Evidently, there is 
something other than chloride in blood (not necessarily in plasma 
or serum, for which these methods were described) which precipi- 
tates silver from a nitric acid solution. 

The filtrates from the m-phosphoric acid precipitation of blood 
yield on direct precipitation, very irregular results, which are all 
too high, probably because the precipitates are contaminated with 
protein. Calculation from the amount of excess silver in the 
filtrates gives values that are too low, the error being somewhat 
less with Oppler’s method (9), in which an excess of m-phosphoric 
acid is avoided than with Foster’s method (10). 

The silver chloride precipitated in the filtrates, obtained by pre- 
cipitating blood with 5 per cent trichloroacetic acid (11, 12, 13), even 
when alcohol was used as described by Smith, cannot be filtered, 
even after standing over night. It can, however, be removed with 
the aid of a centrifuge within afew minutes. An aliquot of the sup- 
ernatant liquid is used for a determination of the excess silver. 
The values thus obtained are from 3 per cent too low to 1.7 per 


cent too high. 
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The use of copper sulfate and sodium and calcium hydroxides, 
as emploved by Wetmore (14), gives results that are too low by 
from 0.3 to 5 per cent, the average error being about 3 per cent. 
The technique of Harding and Mason (15) is probably similarly 
at fault. 

Direct gravimetric determination of the chloride in the filtrate 
from the precipitation of blood with methyl alcohol and magne- 
sium sulfate, as described by Richter-Quittner (16) is impossible 
because the precipitate contains much foreign material. Cal- 
culations based upon determinations of the excess silver in the 
filtrate give irregular results, 5 or 6 per cent too high or too low. 

The filtrate from the Folin-Wu tungstic acid precipitation, 
when treated with nitric acid and silver nitrate, gives a precipitate 
consisting of silver chloride and tungstie acid (17, 18). If this 
is filtered out and the amount of choride is calculated from a 
determination of the excess silver in the filtrate, the values ob- 
tained agree very well with those obtained by digestion of the 
whole blood with nitric acid and silver nitrate. Apparently, the 
Folin-Wu reagent is, of all those studied, the most suitable for the 
subsequent determination of chlorides, and, unless there is some 
difficulty with the subsequent titration, which appears not to be 
the case, the method described by Whitehorn (18) would seem 
to be the most desirable for routine determinations. 

The high values obtained in the picric acid methods are due 
to the formation of a purine-silver picrate. But to what may 
the low values obtained with the other protein precipitants be 
ascribed? 

It may be assumed that they are due to the presence, in the 
blood, of some organic chlorine compound which was precipitated 
by some of the reagents, or which decomposed to give chlor-ion 
in some of the procedures, but not in others. But it is a reagent 
of low acidity, tungstic acid, that gives values most nearly identi- 
cal with those obtained by digestion of the whole blood with 
nitric acid and silver nitrate. 

The slightly lower values obtained by Wetmore’s method are 
probably due to the formation of a small amount of basie copper 
chloride. 

The other protein precipitants are all acids and precipitation 
occurs only well on the acid side of the isoelectric points of the 


nitric acid. 
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blood proteins. The precipitate obtained is a compound of pro- 
tein and acid. It has been more or less tacitly assumed that, in 
these reactions, the precipitating acid completely displaces all 
other acids from combination with the protein. But this seems 
not to be the case with nitric and m-phosphoric acids, and prob- 
ably not with trichloroacetic acid. 

It was at first thought that the amount of chlorine retained in 
the protein precipitate is a function of the hydrogen ion concen- 
tration of the mixture but, in two experiments, it was found that 
the filtrate obtained by precipitating blood with a mixture con- 
taining 5 per cent nitric acid and 0.6 per cent picric acid gave 
values that agreed well with those obtained by precipitation with 
picric acid alone or by oxidation of the whole blood with nitric 
acid and that were considerably higher than those obtained by 
-the use of paesie Acid alone. Evidently, some protein precipitants 
do completely displace the chlorine from combination with the 
protein, in spite of a high hydrogen ion concentration, whereas 
others do not. 
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Some years ago one of us! reported the occurrence of large 
amounts of uric acid in the corpuscles of beef blood, and evidence 
was offered to show that this uric acid existed in a stable com- 
bination from which it could be liberated by boiling with hydro- 
chloric acid, or through enzyme action of the blood. In the 
present paper we are able to report the isolation and identification 
of the compound of uric acid which exists in beef blood. 

For isolation of the compound of uric acid the following pro- 
cedure has been employed. Fresh defibrinated beef blood is 
poured slowly into 5 volumes of boiling 0.01 N acetic acid and the 
mixture allowed to boil for about a minute and then poured 
on to a filter. The straw-colored filtrate obtained is boiled down 
to the volume of the original blood, chilled, and treated with one- 
tenth volume of colloidal iron (Merck’s 5 per cent solution of 
dialyzed iron) to remove the last traces of protein. The precipi- 
tate obtained here is filtered off and the clear filtrate treated with 
an equal volume of 0.5 per cent solution of mercuric acetate. This 
mixture is allowed to stand for from 12 to 24 hours at room tem- 
perature. The light yellow flocculent precipitate which slowly 
forms contains all the free uric acid present in the original blood, 
together with a small amount of the desired urie acid compound. 
After filtering off the precipitate an equal volume of 20 per 
cent crystallized sodium acetate solution is added to the 


* Owing to certain circumstances it was not possible to complete this 
work in New York City. Weare much indebted to Professor G. P. Baxter, 
of Radcliffe College, and to Professor Otto Folin, of the Harvard Medical 
School for continued courtesy in extending the facilities of these labor- 
atories for completion of the work. 

1 Benedict, S. R., J. Biol. Chem., 1915, xx, 638. 
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perfectly clear filtrate. A precipitate forms slowly which is 
identical in appearance with the one already removed. After 
allowing the mixture to stand for 48 hours the supernatant fluid 
is decanted and the precipitate collected and washed in centrifuge 
tubes. The washing with distilled water is accomplished by 
thoroughly stirring up the precipitate each time before centrifuga- 
tion, and afterward decanting the fluid. This process is continued 
until the precipitate fails to separate completely after centrifuging 
for 20 minutes. The precipitate (which contains a mercury com- 
pound of the uric acid compound and apparently very little other 
material) is then suspended in hot water and decomposed with 
hydrogen sulfide. The precipitate is filtered off and the residue 
washed with a little hot water. The filtrate is then concentrated 
under diminished pressure at from 40-45° until crystals separate. 
The material is allowed to stand over night and the crystals are fil- 
tered off next morning, washed with alcohol and ether and dried. 
The yield from a sample of 15 liters of blood is about 0.6 gm. of 
practically pure crystals. The product is recrystallized from asmall 
quantity of boiling water. Thus obtained the compound crystal- 
lizes in colorless square plates (Fig. 1). When the hot solution 
is rapidly cooled the compound sometimes separates in flat 
needles, which on standing in contact with the mother liquor are 
completely transformed into the typical square plates. Even very 
small amounts of impurity may prevent crystallization for a longer 
or shorter period. In such instances, if not too dilute, the solution 
is very apt to form a water-clear gel. Such a gel may crystallize 
spontaneously, or the process may be hastened by seeding with a 
little of the crystalline material. The compound is very difficultly 
soluble in cold water, but dissolves in boiling water, and is in- 
soluble in alcohol and ether. It is acid in reaction and dissolves 
readily in alkali. The compound is not precipitated by silver 
magnesia mixture and gives no reduction test with alkaline copper 
solutions. When tested for uric acid by the older phosphotungstic 
acid method the compound yields a quantity of color equivalent 
to that given by one-fifth of its weight of pure uric acid. When 
tested by the new cyanide method proposed by one of us? the 
substance yields an amount of color equivalent to that given 
by one-ninth of its weight of pure uric acid. On distillation with 


2 Benedict, S. R., J. Biol. Chem., 1922, li, 187. 
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12 per cent hydrochloric acid the aniline test for furfural is 
positive. After hydrolysis the compound also yields a strongly 
positive test for pentoses with orcin. 


Fic. 1. Photomicrograph of the erystalline compound of uric acid and 
pentose from beef blood. 


The compound is apparently a monobasic acid. The optical 
activity of the sodium salt (prepared only in solution) was found 
to be 

[a], = +20.42° 


No water of crystallization was found in the compound when 
heated in vacuo for 18 hours surrounded by the vapor from 
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boiling toluene. When heated to somewhat above 300° the com- 
pound does not melt. Heating with strong sulfurie acid leads to 
charring and the odor of caramet. 

Early investigation of the compound showed that it is made up 
of uric acid and a carbohydrate group in the proportion 1:1. 
Identification of the carbohydrate portion has been difficult on 
account of the small quantities of material available, and because 
the original compound is so stable toward acid that the sugar is 
apt to be destroved during the hydrolvsis. After studying the 
conditions of the hydrolysis very closely we have been able to 
obtain data concerning the sugar present which we believe serve 
to establish its identity bevond reasonable doubt. 

0.24 em. of the compound was boiled for 7 hours in 40 cee, 
of 0.10 N sulfuric acid under a reflux condenser. As the process 
of hydrolysis proceeded urie acid separated. The mixture was 
allowed to stand over night and the urie acid was filtered off. The 
filtrate was then concentrated under diminished pressure to smal] 
volume. The uric acid was again removed (by centrifugation 
this time) and the clear and almost colorless solution exactly 
neutralized with sodium carbonate. The solution was then read 
in a polariscope, and a portion of it used for a quantitative sugar 
determination by means of the pieric acid-picrate method. The 
angle of rotation obtained for the sugar was 


fa] —20.06° 


The angle of rotation of d-ribose* was then determined using the 
same method to estimate the sugar quantitatively. The angle 
obtained was 


[a], = —19.62° 


Another portion of the hydrolyzed solution was used for the 
preparation of a phenylosazone. This was obtained in amorphous 
form and purified by dissolving in acetone and precipitating with 
water. The osazone of the unknown sugar, an osazone prepared 
from d-ribose, and a mixture of these two. when heated together 
in the same bath melted together at 149° (uncorrected). Very 


3 We are indebted to Dr. P. A. Levene for furnishing us with a sample of 
pure d-ribose. 
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rapid heating of the bath raised the melting points of both the 
osazones practically identically. 

After hydrolyzing a known amount of compound the sugar 
obtained (determined by the picrate method, using ribose as 
standard) amounted to 101 per cent of the theoretical. Uric 
acid set free under similar conditions was identified by elementary 
analysis (see below) and was determined quantitatively by the 
color reaction. This determination gave a uric acid content for 
the original compound of 51.5 per cent found against 52.8 per 
cent calculated for a compound containing equal molecules of 
uric acid and d-ribose minus 1 molecule of water. 

Elementary analyses of the compound are not very satisfactory. 
This is probably due, at least in part, to the fact that we used 
quite small quantities in making these determinations. The 
figures obtained were 


Uric acid + pentose — 1 H,0O. 
Calculated. C 39.9, H 3.9, N 18.6. 
Found. ** 39.1, “ 5.4, ** 18.0. 


Analysis of the uric acid yielded by hydrolysis of the compound 
gave the following figures. 


Calculated. C 35.6, H 
Found. 35.5, 


N 


2.3; 33.3. 
3.3, 33.1. 
We feel warranted in concluding that the uric acid compound in 
beef blood is made up of 1 molecule of uric acid plus 1 molecule of 
d-ribose minus 1 molecule of water. 
The biological properties of the uric acid compound are being 


investigated. 
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THE DISTRIBUTION OF THE COMBINED URIC ACID IN 
THE CORPUSCLES OF BEEF BLOOD. 


By ELEANOR B. NEWTON anv ALICE ROHDE DAVIS. 


(From the Laboratory of the Boston Psychopathic Hospital, and the Depart- 
ment of Biological Chemistry, Harvard Medical School, Boston.) 


(Received for publication, September 15, 1922.) 


Benedict! has reported the presence of combined uric acid in 
beef blood and has shown by quantitative colorimetric deter- 
minations that the total uric acid, free and combined, is contained 
in the corpuscles. The present work was planned to determine 
whether the uric acid is present chiefly in the erythrocytes or in 
the leucocytes. 

Fresh defibrinated beef blood was centrifuged at high speed 
for + hour, the clear serum pipetted off, and the film of white 
cells lifted from the red cells. The proteins of the serum and the 
red cells were removed by pouring each material into boiling 
0.01 N acetic acid, the filtrates from the coagulum concentrated to 
the original volumes, cooled, and treated with colloidal iron in 
the usual way for the removal of protein from whole blood in the 
Benedict? modification of the Folin-Denis procedure for the deter- 
mination of uric acid colorimetrically in blood. The white cells 
were quickly rinsed once and suspended in a small amount of dis- 
tilled water and the film was ground with sand. This mixture of 
white cells and sand was then washed into boiling acetic acid, 
the final acidity of which was approximately 0.01 N. The filtrate 
from sand and protein was concentrated, boiled with aluminium 
cream, and again filtered. Clear filtrates were in all cases ob- 
tained. The free uric acid was determined by the procedure 
cited above,? and the combined uric acid after hydrolysis as 
carried out by Benedict. To assure us that neither free nor 


1 Benedict, S. R., J. Biol. Chem., 1915, xx, 638. 
? Benedict, S. R., J. Biol. Chem., 1915, xx, 629. 
3 Benedict, S. R., J. Biol. Chem., 1915, xx, 634. 
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combined uric acid had been removed with the proteins of the 
white cells a sample of white cells was hydrolyzed directly omitting 
the protein removal and then submitted to a determination for - 


uric acid in the usual way. 


TABLE I. 
Uric acidin | 
Sample No. f Material. Remarks. 
100 ce. of blood. 
ce, md. 
I 20 Whole blood. 5.1 Hydrolyzed filtrate. 
I 40 Red cells. 4.7 
T 40 “ 4 5 
I 50 White cells. 0 
I 100 0 without re- 
moving protein. 
I 40 Serum. 0 Hydrolyzed filtrate. 
CONCLUSION. 


Since no uric acid could be detected in the amounts of white 
cells or of serum used and the figure for total uric acid from the 
red cells compared closely with that for whole blood we conclude 
that the combined uric acid is contained in the erythrocytes. 


| 
| 
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COMBINED URIC ACID IN HUMAN, HORSE, SHEEP, PIG, 
DOG, AND CHICKEN BLOOD. 


By ELEANOR B. NEWTON anp ALICE ROHDE DAVIS. 


(From the Laboratory of the Boston Psychopathic Hospital, and the Depart- 
ment of Biological Chemistry, Harvard Medical School, Boston.) 


(Received for publication, September 15, 1922.) 


INTRODUCTION. 


The isolation and identification of combined uric acid in beef 
blood by Davis, Newton, and Benedict! as d-ribose and uric acid 
less 1 molecule of water has led to the study of the distribution of 
combined uric acid in several species of animals. By quantitative 
colorimetric determinations of uric acid before and after hydrolysis 
of a protein-free blood filtrate as well as before and after enzyme 
action Benedict? was led to believe that combined uric acid 
existed in other species. 

The isolation of the compound has been undertaken by the 
original procedure for beef blood in the hope that even where the 
quantities of combined uric acid were so minute as to escape 
detection by the method of hydrolysis and quantitative deter- 
mination of uric acid they would appear in the isolation. At the 
final stage of the isolation procedure a non-crystalline residue was 
hydrolyzed and tested colorimetrically for the pentose and for the 
uric acid radicals of combined uric acid. 


EXPERIMENTAL. 


Fresh defibrinated blood was deproteinized with heat and acetic 
acid, followed by treatment in the cold with colloidal iron. The 
protein-free filtrates were concentrated to the original blood 
volume and the material was treated with an equal volume of 
0.5 per cent mercuric acetate to remove uric acid. The filtrates 


' Davis, A. R., Newton, E. B., and Benedict, S. R., J. Biol. Chem., 1922, 
liv, 595. 
* Benedict, S. R., The Harvey Lectures, 1915-16, xi, 346. 
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were then treated with an equal volume of 20 per cent sodium ace- 
tate solution. An aqueous suspension of these mercury precipi- 
tates was then freed from mercury by decomposing with hydrogen 
sulfide, and filtering. The filtrates were concentrated under 
reduced pressure to a few drops or to 2 to 3 ce. and a slightly 
colored, more or less thick, fluid was obtained. If crystals did not 
appear, this residue, suspected of containing dissolved combined 
uric acid was hydrolyzed and distilled from 12 per cent hydro- 
chloric acid to split off uric acid and to form furfural from pentose. 
The distillate was tested with aniline acetate paper for furfural 
and the residue, after neutralization with sodium carbonate, was 
tested for uric acid. In some cases a caramel odor was noted in 
the residue after distillation. Only rough estimations of the 
amounts of combined uric acid could be made by this method. 

Two experiments were carried out on human blood. 360 ce. 
of a mixture of blood 1 to 5 days old, obtained from pathological 
cases, were employed in one experiment. Clear filtrates and typical 
mercury precipitates were obtained. No crystals appeared but 
the residue gave positive tests for pentose and for uric acid. 

600 ec. of fresh defibrinated human blood from three normal 
individuals were later obtained from which a small amount of 
white, crystalline material was isolated, and several times re- 
crystallized. The crystals were typical in form, but the quantity 
was too small to weigh. They were therefore distilled with 12 
per cent hydrochloric acid. A very brilliant pentose test was 
here secured. 

1,000 ec. of fresh defibrinated horse blood yielded a brownish, 
yartly crystalline residue, a strong caramel odor on hydrolysis, 
and positive tests for pentose and for uric acid. 

3,500 ec. of fresh defibrinated sheep blood yielded a gelatinous 
residue with a few crystals, which residue on hydrolysis gave 
positive pentose and uric acid reactions. 

3,000 ec. of fresh defibrinated pig blood yielded a straw-colored 
fluid with no crystals, but gave positive pentose and uric acid 
reactions. 

1,200 ec. of fresh defibrinated dog blood yielded a straw-colored 
fluid with no crystals, but gave positive pentose and uric acid 
reactions. 


| 
| 
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460 ce. of fresh defibrinated chicken blood gave a very light 
colored fluid with no crystals, but positive pentose and uric acid 
reactions. 


CONCLUSION. 


Evidences of the presence of combined uric acid have been 
found in each species of animal studied. The quantity in beef 
blood far exceeds that in any other animal blood so far analyzed. 
Next in quantity would appear to be that of human blood. Only 
traces were discernible by this procedure in the blood of the horse, 
sheep, pig, dog, or chicken. 
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THE INFLUENCE OF WATER DEPRIVATION, PILOCARPIN, 
AND HISTAMINE UPON CHANGES IN BLOOD 
CONCENTRATION IN THE RABBIT. 


By FRANK P. UNDERHILL anv 8S. CLEMENT ROTH. 


(From the Department of Pharmacelogy and Toxicology, Yale Univeristy, 
New Haven.) 


(Received for publication, September 29, 1922. 


In various fields of clinical medicine symptoms and serious 
disorders, which are often attributed to unknown pathogenic 
factors, such as toxins, may be due entirely to a negative water 
balance of the body. That changes in blood concentration indi- 
cate this dehydration has been pointed out by Underhill and his 
collaborators (1 to 6). The possible ways in which such an effect 
may be brought about are very numerous, and many of the possi- 
bilities of concentrated blood in various diseased conditions un- 
doubtedly remain unrecognized. Every addition to our know- 
ledge relative to the mechanism of water balance in the organism 
brings the ultimate solution of the problem closer at hand and 
opens the way for better and more rational treatment of some of 
the obscure phases of disease. 

In the present communication water changes in the blood have 
been studied in the rabbit under the influence of water deprivation, 
and the introduction of pilocarpin and histamine. The rabbit 
has been chosen in this instance for the reason that it is more or 
less refractory to various influences towhich the dog is susceptible, 
and thus extends the range of factors involved in regulation of 
water balance. 

Rabbits were maintained in a fasting condition unless other- 
wise specified. | 

Methods.—The methods employed were those usually followed 
in this laboratory for work of this character; hemoglobin estima- 
tion by the procedure of Cohen and Smith being employed as a 
criterion of changes in blood concentration. Injections were 


made into an ear vein. 
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Water Deprivation. 


Previous (7) experience with water deprivation in the fasting 
rabbit has shown that water withheld for a period of 4 or 5 days 
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CuarT 1. Rabbit 57. The influence of water deprivation upon blood 
concentration. 


Hemoglobin 


Cuart 2. Rabbit 84. The influence of water deprivation upon blood 
concentration. 


produces little or no change in blood concentration. The present 
experiments of which illustrations are given in Charts 1, 2, and 3, 
representative of many protocols, confirm this observation and 
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further show that after 5 to 7 days of water deprivation blood 
concentration becomes significantly increased. Charted with the 
alteration in blood concentration is the percentage loss of body 
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Cuart 3. Rabbit 101. The influence of water deprivation upon blood 
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CuartT 4. Rabbit 102. The influence of water deprivation upon blood 
concentration. 


It is a noteworthy fact that blood concentration in these experi- 
ments was not held uniformly at a level considered dangerous 
by Underhill (2); namely, 125 per cent of the normal value. A 
similar result has been obtained in other connections, Underhill 
and Errico (5), Underhill and Ringer (3), and Underhill and Kap- 
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sinow (6). The rapidity with which blood concentration resumes 
the normal level in the rabbit after fluid intake is well illustrated 
in Charts 1,3, and 4. This result is confirmatory of observations 
in the dog by Keith (8) and Underhill and Kapsinow (6). 

In many of the experiments of this nature the animals died even 
though water was supplied on the day preceding death. Death 
under these circumstances might be referred to the irreparable 
damage done to the tissues by the body’s desiccation. Such a 
conclusion should not, however, be drawn too hastily since fasting 
rabbits with water freely supplied die in about the same length of 
time. It is therefore obvious that to ascribe water deprivation 
as the sole cause of death under the experimental conditions would 


be erroneous. 
Pilocar pin. 


The loss of water in the rabbit by the use of pilocarpin is visible 
in the profuse secretion of saliva and in the watery character of the 
stools. By bringing about a rapid water elimination in this animal 
pilocarpin served as a useful means of causing marked changes in 
blood concentration which are represented graphically in Charts 
5 to 9. The relative ease with which it is possible to effect a 
change in blood concentration of approximately 15 per cent in 
rabbits may be seen from Charts 5 to 8. In Chart 5 the animal 
had been well fed up to the time of experiment whereas in Charts 
6 and 8 water and food had been withheld for periods of 1 and 2 
days, respectively. Pilocarpin causes rapid rises in blood concen- 
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Cuart 5. Rabbit 1. Food and water. The influence of pilocarpin upon 
blood concentration. 
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Cuart6. Rabbit2. Without food and waterforlday. The influence of 
pilocarpin upon blood concentration. 
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Cuart 7. Rabbit 3. 


of pilocarpin upon blood concentration. 
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tration which are followed by equally rapid reductions in con- 
centrations. Evidently the water of the tissues, as represented 
by alterations of water content of the blood, is sufficient to pre- 
vent anhydremia and the subsequent vicious circle. The water 
adjustment, however, does not take place so quickly that it can- 
not be detected. The relative rate at which the blood returns to 
normal will depend upon the degree of desiccation of the body 
previous to the experimentation, and the length of time the 
abnormal water loss induced by pilocarpin continues. 

The extent to which desiccation of the tissues of a rabbit can 
take place is shown in Chart 9, the animal being without food and 
water for a period of 9 days. This rabbit survived the drastic 
disturbances in its water equilibrium in spite of the high level of 
blood concentration attained under pilocarpin treatment. This 
experiment also illustrates the rapidity with which blood con- 
centration is reduced under the influence of water introduction. 


Histamine. 


In dogs histamine produces a marked change in blood concen- 
tration. Since rabbits are in general somewhat refractory to 
histamine effects the influence of the drug upon blood concentra- 
tion has been tested in this animal. The observations made show 
that histamine invariably causes a slight decrease in concentration 
of the blood rather than an increase (see Charts 10, 11, and 12), 
the animal thus conforming to its general peculiarities with respect 
to histamine action. 

The general effects upon the rabbit of histamine intravenously 
introduced fall into one of two groups. In the first place death 
may occur with violent inspiratory efforts within a minute, or 
secondly a train of symptoms ensue followed always by complete 
recovery. The respiration becomes rapid, the ears are cold, and 
a moderately deep narcosis setsin. Defecation and urination may 
occur, and the attitude of the animal is sprawling with the head 
sunk on the table. During this period it is almost impossible to 
obtain blood from the ears in sufficient quantity for hemoglobin 
estimation. A similar subcutaneous injection has only a slight 
influence, if any. With recovery it becomes easier to obtain blood 
from the ear. Within half an hour subsequent to histamine 
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administration the animal suddenly raises itself from its sprawling 
position and resumes a normal condition. 
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Cart 10. Rabbit 201. The influence of histamine upon blood con- 
centration. 
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CuarT 11. Rabbit 202. The influence of histamine upon blood con- 


centration. 

= 

cen 
104s > 
2 ae 
& > 
~ 100 
3 

Minutes 0 20 40 60 80 100 120 140 160 180 200 220 


Cuart 12. Rabbit 203. The influence of histamine upon blood con- 
centration. 


Attention is directed to Chart 13 illustrating an experiment 
in which a rabbit without food for 8 days and water for 9 days 
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received an injection of histamine. No influence upon blood 
concentration could be seen during the period of observation. 
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CHART 13. Rabbit 206. Without food and water for 10 days. The 
influence of histamine upon blood concentration. 


SUMMARY. 


Complete deprivation of water leads to blood concentration in 
rabbits. The level attained by the concentration lies within the 
limits of safety suggested by previous investigations. 

High blood concentration induced by water deprivation rapidly 
falls to normal levels upon administration of water. 

Under the influence of pilocarpin blood concentration is mark- 
edly increased but quickly returns to the normal level. Pilocarpin 
action superimposed upon prolonged water deprivation causes 
exceptionally high blood concentrations which rapidly attain the 
normal upon water administration. 

In the rabbit histamine fails to produce blood concentration. 
Little or no change in blood concentration is to be observed except 
perhaps an insignificant lowering. ‘These observations with hista- 
mine are quite unlike those previously obtained under similar 
experimental conditions with the dog. 
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THE USE OF IODINE IN THE DETERMINATION OF 
GLUCOSE, FRUCTOSE, SUCROSE, AND MALTOSE. 


By F. A. CAJORI. 


(From the Department of Chemistry, Stanford University, 
California.) 


(Received for publication, October 2, 1922. 


INTRODUCTION. 


Almost without exception, the available methods for the 
quantitative determination of individual sugars, in solutions 
where several of them are present together, involve the use of the 
polariscope. With sugar solutions of low concentration, the ob- 
served rotation may be only a few angular degrees, and results 
based on such slight differences are far from accurate. Again, 
highly colored solutions, such as are often obtained from plant 
material, must be clarified before they can be used in the polari- 
scope and not inconsiderable loss of sugar by adsorption occurs 
during the clarification process. Moreover, solutions of plant 
origin often contain other optically active substances. 

Prerequisite to an understanding of the manner of carbohy- 
drate formation in the photosynthetic process is an accurate 
picture of the quantitative relations that exist between the various 
sugars of the leaf. Advance in this field is largely dependent upon 
the development of analytical methods, as the analysis of plant 
material presents many extraordinary difficulties not encountered 
in material of animal origin. 

Romijn (1) and Bougault (2) observed that glucose in alka- 
line solution is completely oxidized to gluconic acid by an excess 
of iodine and that under the same conditions fructose and sucrose 
are unchanged. This would seem to offer the basis for a method 
of distinguishing between the individual sugars without recourse 
to the use of the polariscope. These two authors recognized the 
possibilities of the use of iodine as a reagent for differentiating 
between aldose and ketose sugars, and they suggested methods 
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involving its use. Several other investigators have reported 
their experiences with iodine as an oxidizing agent for the quanti- 
tative determination of sugars with varying success. 

In the following work we have endeavored to define more 
sharply the conditions under which sugars are oxidized by iodine, 
and, on the basis of these observations, have developed a method 
for the determination of glucose, fructose, sucrose, and maltose 
when they occur together. 


Romijn (1) was unable to obtain satisfactory quantitative results from 
the oxidation of glucose by iodine with sodium hydroxide or potassium 
hydroxide and suggested the use of sodium borate. With this weak alkali, 
18 to 40 hours were required to complete the oxidation of glucose to gluconic 
acid. Willstaitter and Schudel (3) pointed out the need of sufficient 
amounts of alkali to neutralize the acid formed in the reaction. With an 
excess of 0.1 N sodium hydroxide, and oxidation with iodine for 15 minutes, 
they were able to recover quantitatively the glucose present in invert 
sugar. 

Bougault (2), using sodium carbonate, observed a quantitative oxidation 
of glucose by iodine in 30 minutes. Maltose, lactose, arabinose, and other 
aldose sugars were found by him to be oxidized by iodine. Colin and 
Liévin (4) modified Bougault’s procedure, using disodium phosphate 
instead of sodium carbonate. They found that 1 hour was the time 
required for the oxidation of the glucose, with this modification. 

Lately, Judd (5) has published the results of a critical study of these 
methods. She was unable to confirm Romijn’s or Bougault’s findings 
that iodine oxidizes glucose to gluconic acid, and that under the same condi- 
tions fructose is not oxidized at all. She ascribed this failure, in part, to 
possible enolization of the sugars in the presence of alkalies. Judd 
believed, however, that valuable methods for the analysis of glucose-fruc- 
tose solutions could be developed by utilizing the reducing power of the 
sugar solution on iodine, as well as its reducing power on copper solutions. 
In contrast to the findings of Judd, Baker and Hulton (6), using 
Willstitter’s procedure, experienced no difficulty in recovering glucose as 
gluconic acid after 5 minutes oxidation with iodine. 


EXPERIMENTAL PART. 


Preliminary Experiments with Glucose and Fructose.—The reac- 
tion between glucose and an excess of iodine in a solution made 
alkaline with sodium carbonate was followed by determining the 
amount of iodine present in aliquot parts of the oxidation mixture 
at intervals during the course of the oxidation. The amount of 
iodine present was determined by titration with standard sodium 
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thiosulfate after having made the solution slightly acid, using 
soluble starch as an indicator. An approximately 0.1 N iodine 
solution, standardized with 0.05 n sodium thiosulfate was used. 
The 0.05 n sodium thiosulfate was prepared from a normal stock 
solution and standardized in the usual way with the aid of 0.1 N 
potassium permanganate. The preliminary trials were carried 
out in a thermostat at 25°C. Later it was found that the velocity 
of the reaction was not noticeably changed at room temper- 
atures (18—22°). Blank determinations were made, using distilled 
water instead of a sugar solution, but in all other respects the 
same conditions were maintained. Typical results of these trials, 
expressed in quantities of iodine present in the aliquot parts, 
are given in Table I. 


TABLE I. 
Reduction of Iodine by Glucose and Fructose. 
ian Iodine present in 20 cc. aliquot parts. 
oxidation. 
Glucose solution. Blank. Fructose solution. Blank. 
min. mg. mq. mg. 
0 123.0 123.3 168.8 182.9 
10 94.0 122.9 168.1 181.4 
20 92.4 122.3 167.7 181.4 
30 93.3 123.3 167.7 182.0 
45 93.3 122.9 167.3 178.6 
60 92.6 122.5 167.3 
90 92.7 122.5 166.8 181.4 


- These results show that iodine is rapidly reduced in the pres- 
ence of glucose, the reduction, apparently, being completed at 
the end of 20 minutes. On the other hand, there is no evidence 
of any reduction of iodine by fructose. These results confirm 
the findings of Romijn and Bougault. As indicated from the 
analysis of the blanks, there are always small losses of iodine 
from the solution during the course of the oxidation. That such 
losses do occur is not surprising, considering the volatile nature of 
iodine. Bougault noticed that on long standing more iodine disap- 
peared from his solutions than could be accounted for by the theo- 
retical amount required to oxidize the sugar to the mono-basic 
acid. He ascribed this to a secondary oxidation of the hydroxyl 
groups of the sugar. He reports no blank determinations, and it 
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seems much more reasonable to recognize the possibility of a 
mechanical loss of iodine than to assume oxidation of the hydroxy] 
groups of the sugars. 

The apparent increase in the concentration of the iodine noted 
in the solutions during the second half hour of the oxidation is 
undoubtedly due to the liberation of iodine from the potassium 
iodide used in the iodine solution. 

Bougault emphasized the necessity of having an excess of iodine 
present in order to insure complete oxidation of the glucose. We 
also found this an important condition to be maintained. The 
amount of iodine to be used depends in part on the alkalinity of 
the solution. In Table II are given some of our experiments 


TABLE II. 
Oxidation of Glucose as Influenced by Varying Amounts of Iodine and Sodium 
Carbonate. 
Iodine Ratio of 
Experi- | Time of | Glucose | required Iodine Glucose NaeCOs masonerl 
ment No. | oxidation.| present. | to oxidize| present. oxidized. present. | P pm . a 
required. 
min, mg. my. mg. mg. per cent 
1 25 16.2 22.8 186 15.8 3.7 8:1 
2 25 10.8 15.2 124 10.6 1.5 8:1 
3 25 21.7 30.6 186 21.1 1.4 6:1 
4 25 22.0 31.0 125 21.8 0.8 4:1 
5 ‘25 48.7 68.5 186 48.4 2.1 S823 
6 25 48.4 68.0 186 48.1 1.0 i oe | 
7 25 48.4 68.0 124 45.4 as eee 


where varying amounts of iodine and sodium carbonate were 
used. 

It will be seen that with a sodium carbonate concentration of 
1 or 2 per cent, three times the amount of iodine necessary to 
oxidize the sugar gives a complete reaction in 25 minutes. Twice 
the amount (1.8), as illustrated in Experiment 7, is not a large 
enough excess and incomplete oxidation resulted. In Experi- 
ment 1, the high concentration of sodium carbonate diminished 
the apparently large excess of iodine and again the glucose was 
incompletely oxidized. 

We failed in attempts to oxidize glucose with iodine in neutral 
solution, but beyond having alkali present, and present in sufh- 
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cient quantities to neutralize the acid formed in the reaction, no 
advantage could be observed in increasing the concentration of 
the alkali. It is highly desirable to carry out the oxidations in 
solutions of low alkalinity because of the effect of alkalies on 
sugars. We finally chose for the oxidations, solutions with 1.0 
to 1.5 per cent of sodium carbonate. Nef (7) reported that no 
enolization of glucose took place with this strength of sodium 
earbonate. The use of sodium carbonate instead of sodium 
hydroxide seemed desirable in order to avoid any possible enoli- 
zation of the sugars present. 

Witzemann (8) found that disodium phosphate catalyzes the 
oxidation of glucose by hydrogen peroxide. In trials where we 
used 0.5 M NasHPO,, we were unable to note any increase in the 
velocity of the reaction between glucose and iodine that could 


TABLE III. 
Analysis of a Glucose Solution. 
. ‘ Mol: io of 
Glucose solution Glucose present. | Lodine reduced, Glucose found. iodine oa to 
glucose present. 
ce. mq. mie mg. 
3 10.37 14.1 10.00 1.0 :1 
oe 20.74 28.6 20.29 1.96 :1 
8 27.65 38.8 27.52 1.99 :1 
10 34.56 48.5 34.41 1.99 :1 
14 48.38 67.5 47.89 1.98 :1 


be ascribed to any catalytic influence of disodium phosphate. 
We also endeavored to catalyze the oxidation of glucose by 
iodine by adding traces of ferrous chloride to the oxidation mix- 
ture, but obtained no evidence of any influence of this iron salt 
on the velocity of the reaction. Within limits, dilution of the 
iodine solution has no effect on the rate or completeness of the 
oxidation of glucose. Provided there is sufficient iodine present, 
its concentration does not seem to be significant. 

Analysis of Glucose Solutions.—The preliminary experiments 
indicated that under suitable conditions iodine could be used 
as a reagent for the quantitative estimation of glucose. That 
this conclusion was justified is shown in Table III, where the 
results of the analysis of a number of glucose solutions are given. 
The protocol of a single experiment is given to illustrate the pro- 
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cedure that we adopted for the oxidation of glucose by iodine. 
The glucose used was a Bureau of Standards preparation and 
before using was dried zn vacuo over phosphorus pentoxide. 


To 10 cc. of a glucose solution, containing 34.56 mg. of glucose, 2 cc. of 
a 15 per cent NasCO; solution were added; 15 ec. of a 0.1 N iodine solu- 
tion were then added, and the flask was stoppered and placed in the dark 
at room temperature for 25 minutes. Slightly more 10 per cent H.SO, 
than that needed to neutralize the NasCO; was added and the iodine 
titrated immediately with 0.05 n Na.S.O;. From the titration, 3.82 cc. 
of 0.1 N iodine, or 48.5 mg., had been reduced. Calculated for glucose, 
34.41 mg. 


Within the experimental error, the molecular ratio of the 
iodine reduced to the glucose present is 2 to 1. In other words, 
the reaction proceeds to gluconic acid according to the equation: 


The amount of iodine reduced by the sugar may then be used 
as a measure of the amount of glucose present. 

Determination of Glucose in the Presence of Fructose and Sucrose. 
—The oxidation of glucose by iodine proceeds in the presence of 
small or large amounts of fructose or sucrose, without being 
influenced by either sugar. In Table IV are given results of the 
determination of glucose when fructose or sucrose are also present. 

Analysis of Glucose-Fructose-Sucrose Solutions.—Iodine oxidizes 
glucose but not fructose or sucrose. Cupriec hydroxide oxidizes 
both. glucose and fructose. The use of these two reagents, then, 
will enable a determination to be made of glucose and fructose 
when together in solution, or of glucose, fructose, and sucrose 
when these three sugars occur together. In the latter case, the 
determination of the reducing power of the sugar solution on 
both the iodine and copper reagents before hydrolysis of the 
sucrose, and the reducing power on either of the reagents after 
hydrolysis, will give data from which can be calculated the amounts 
of the individual sugars which are present. 

We have successfully applied such a procedure for the deter- 
mination of the three sugars. Oxidation with iodine was carried 
out as described in the analysis of the glucose solutions. The 
copper reagent that we have used was Benedict’s reagent (9) 
and the technique followed was that lately described by Spoehr 
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(10) for the determination of small amounts of reducing sugars. 
Briefly stated, this technique consists in oxidizing the sugars by 
placing centrifuge tubes containing the sugar and copper reagent 
in a boiling water bath for 3 minutes, and removing the cuprous 
oxide by centrifuging; the residual cupric copper is determined 
by titrating the iodine, liberated from an excess of potassium 
iodide by the cupric copper, with sodium thiosulfate. Benedict’s 
solution was calibrated in terms of glucose and fructose by de- 
termining the reducing power of solutions of glucose and fructose 
made up from very pure and dry samples of these sugars. 

One of the difficulties encountered was the establishing of 
suitable conditions for the inversion of the sucrose. A few hours 
heating on the water bath with sufficient hydrochloric acid to 


TABLE IV. 


Determination of Glucose in the Presence of Fructose or Sucrose. 


Glucose present. Fructose present. Sucrose present. Glucose found. 

mg. m4. mg. mg. 
21.6 12.7 21.3 
10.8 12.7 10.5 
10.8 25.3 10.7 
48.7 10.5 48.4 
5.4 5.3 4.9 
10.8 105.1 10.6 
17.4 26.3 17.2 


make a 1 per cent solution will completely invert the sucrose 
present. However, when fructose was also present a slight color- 
ing of the solution occurred during the heating, and the reduction 
of iodine or copper was greater than could be accounted for by 
the amounts of glucose present. Evidently, fructose in acid 
solution and at 100°C. is partly decomposed, yielding compounds 
which are oxidized by iodine and cupric hydroxide. We endeavored 
to hydrolyze the sucrose with 1 per cent hydrochloric acid at 25°C. 
Under these conditions, the inversion was incomplete even when 
allowed to stand over night. 

It was finally found that 2 hours at 60°C. with 1 per cent hy- 
drochlorie acid effected complete hydrolysis of the sucrose. The 
solutions remained water-clear and there was no evidence of any 
decomposition of fructose at this temperature. These conditions, 
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then, were chosen as being suitable for the hydrolysis of sucrose 
in the presence of fructose. 


Determination of Sucrose in the Presence of Glucose and Fructose. 


mq. mg. mq. mg. 
56.7 | 22.0] 43.6! 21.8 Before hydrolysis. 
56.7 | 22.0] 43.6 61.7 | 1 per cent HCl, 3 hrs. at 100°. 
40.8 12.1] 29.3] 12.6 Before hydrolysis. 
40.8 | 12.1] 29.3 39.2 | 1 per cent HCl, 2 hrs. at 60°. 
40.8 12.1] 29.3 38.8 
TABLE VI. 
Determination of Glucose, Fructose, and Sucrose. 
Sugar Copper Glucose and 
| reduced. | | found. | 
cc. mq. ce.” mg. mg. 
25 43.5 30.9 Before hydrolysis. 
25 70.9 50.3 After ss 
5.09 4.10 9.75 Before ™ 
2.59 3.98 9.47 After a 
Calculated for Glucose, Fructose, and Sucrose. 
Present per cc. Found per ce. 
mg. mg. 


*1 cc. of Benedict’s solution = 2.379 mg. of glucose and 2.149 mg. of 


fructose. 
+t Average of determinations by iodine and copper. 


The results of the hydrolysis of sucrose under various condi- 
tions are given in Table V. 

The results of an analysis of a solution containing glucose, 
fructose, and sucrose are presented in Table VI. Utilizing both 
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iodine and cupric hydroxide as oxidizing agents and carrying out 
the analysis according to the procedure and under the conditions 
that have been outlined above, the method would seem to be 
accurate for the determination of the individual sugars to within 
an error of 3 per cent. 

Experiments with Maltose-—Maltose is oxidized by iodine, 2 
molecules of iodine reacting with 1 molecule of the sugar. We 
have found that this oxidation proceeds somewhat more slowly 
than the oxidation of glucose by iodine. Where glucose was com- 
pletely oxidized by iodine in 25 minutes, maltose required 35 
minutes to be completely oxidized to the mono-basie acid. 

Maltose is much more resistant to acid hydrolysis than is 
sucrose. We could observe no evidence of hydrolysis of maltose 
by 1 per cent hydrochloric acid at 60°C. at the end of 2 hours and 
even at the end of 24 hours at 60°C., the hydrolysis was incomplete. 
3 hours heating at 100°C. with 1 per cent acid effects complete 
hydrolysis of maltose but such vigorous treatment has been 
found partly to decompose fructose if present in the solution. 
In order, then, to extend the iodine-copper method that has been 
outlined above to solutions that contain maltose in addition to 
the other sugars, other means than acid hydrolysis of the maltose 
would seem to be necessary. For this purpose we have used 
maltase prepared from fresh yeast by the method of Willstitter, 
Oppenheimer, and Steibelt (11). We found that maltose is com- 
pletely hydrolyzed to glucose with yeast maltase after 3 hours 
digestion at 30°C. in a solution whose reaction has been adjusted 
to a pH of 6.1 to 6.8 with acid phosphate, according to the direc- 
tions of Willstitter. The increase in the reducing power of the 
solution, as a result of the glucose formed in the reaction, may 
then be taken as a measure of the amount of maltose present. 

Freshly prepared enzyme solutions must be used. After 2 or 
3 days, the activity of the maltase was greatly diminished and 
proved to be unsatisfactory for a quantitative hydrolyis of mal- 
tose. Yeast maltase solutions contain substances that react 
with iodine, and in the calculations, based on the amount of iodine 
reduced as the result of the enzyme hydrolysis, it was found 
necessary to apply rather large corrections. 

The results of the experiments with maltose are given in 
Table VII. 
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By the use of maltase solutions and adequate control experi- 
ments, planned to determine the activity of the maltase prepara- 
tion, as well as the reducing power of this preparation on iodine 
and cupric hydroxide, it would seem possible to extend the iodine- 
copper method to include maltose in addition to the other sugars. 
With a mixture of sugars, the maltose, unchanged by acid hydroly- 
sis of sucrose at 60°C., would be measured by the increase in 
glucose content of the solution after digestion with maltase. 

TABLE VII. 
Determinations of Maltose with Iodine under Various Conditions. 


5 = & 2 
iai if 1818 

my mig my. mg mg 

1 /213.0 |148.8 |211.0 Oxidation with I for 35 min, 
30.0 | 20.9 | 29.7 “ 
5 18.6 13.3 18.7 “ “Oi 35 
6 39.6 | 24.9 | 35.4 & 
7 | 39.6 | 24.9 | 35.4] 0 0 1 per cent HCl, 2 hrs. at 60°. 
8 | 30.0 | 47.8 34.0 | 30.0 Hydrolysis with maltase. 
16.7 | 23.1 16.4 | 16.7 “ 
10 16.7 | 22.4 15.9 | 16.7 6 “ “ 
11 16.7 | 23.9 17.0 | 16.7 6 “ “ 


The results reported in this paper are based on the analysis of 
pure sugars. It is well to point out that in applying this method 
to sugar-containing fluids such as plant extracts that contain, 
in addition to the sugars, other compounds, the accuracy of the 
results will depend on the freedom of the solution analyzed from 
reducing substances other than sugars, or compounds that will 
react with iodine. 

SUMMARY. 


The oxidation of glucose by iodine has been investigated and 
the conditions whereby a quantitative oxidation of glucose to 
eluconic acid may be effected have been established. 
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Using iodine and cupric hydroxide as oxidizing agents, a method 
has been presented for the determination of glucose, fructose, and 
sucrose where these sugars occur together, and in small quantities. 

Results suggesting that the method may be extended to include 
maltose are given. 


The larger part of the experimental work reported in this paper 
was done in the Coastal Laboratory of the Carnegie Institution of 
Washington, at the suggestion and under the direction of Dr. H. A. 
Spoehr. The author is greatly indebted to Dr. Spoehr for his 
helpful advice and criticism, and to the Carnegie Institution for 
the privilege of working in the Coastal Laboratory. 
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INTRODUCTION. 


At Cornell University, Emerson has been the leader in an important 
series of genetical investigations of maize, in which the Mendelian factorial 
composition of many color varieties has been established. In a recent 
memoir! he has dealt especially with what he terms plant colors; 7.e., colors 
due to pigments (otherthan those of the chloroplasts) which are commonly 
seen in the husks, the staminate inflorescence, the foliage generally, and 
the stem. 

Of such plant colors he has established the genetical relations of six main 
types as follows: (1) purple, (2) sun red, (3) dilute purple, (4) dilute sun 
red, (5) brown, (6) green. In a former paper in this Journal? we have 
pointed out the importance of chemical studies of such color series as this 
in which the genetical factorial analysis has been made. Only by the 
chemical investigation of genetically known material may we hope to come 
to any satisfactory understanding of the meaning of the Mendelian analysis, 
and of the actual operation of the factors which in such an analysis are 
known as symbols, 

The plant color series in maize immediately suggests a parallelism with 
similarly related varieties of other plants in which flower color (due to 
cell sap pigments of the flavonol and anthocyanin groups) varies from 
white to various shades of yellow, red, and purple. Such a parallelism has 
already been confirmed’ by the isolation of a quercetin glucoside from 


* Published by permission of the Secretary of Agriculture. 

1 Emerson, R. A., Cornell Univ. Agric. Exp. Station, Memoir XXXIX, 
1921, 156. 

2 Sando, C. E., and Bartlett, H. H., J. Biol. Chem., 1920, xli, 495. 

3 Sando, C. E., and Bartlett, H. H., J. Agric. Research., 1921, xxii, 1. 
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brown-husked maize (Type 5) and by the occurrence of a corresponding 
anthocyanin (not yet isolated) in purple (Type 1). 

In order that the geneticist may perceive the feasibility of a chemical 
attack on the problem of interpreting genetical factors, it does not seem 
out of place to state briefly the simple chemical relationship of the cell sap 
pigments to one another. Without some chemical knowledge of the pig- 
ments, the geneticist obviously cannot advance beyond the symbolic 
expression of his results. 

The vellow sap pigments derived from flavone may be subdivided into 
two groups—flavone and flavonol. The flavone pigments are derivatives 
of the mother substance flavone (1), or phenyl-2-phenopyrone-4,4 while 
the flavonol pigments are derivatives of flavonol (II), which is character- 
ized by the fact that the hydrogen in the pyrone nucleus is replaced by 
hydroxyl. The anthocyanidin pigments are derivatives of phenyl-2-pheno- 
pyrylium (1IT).§ 


O O 
3 
VAN on 
CO CO 
I. Flavone. II. Flavonol. III. Phenyl-2-pheno- 


pyrylium. 


Compounds containing this latter nucleus are characterized by the fact 
that they form difficultly soluble, well crystalline oxonium salts, conse- 
quently the natural anthocyanidins are described as oxonium chlorides, 
regardless of the fact that the coloring matters probably exist in the plant 
as combinations with organic acids. 

In the plant, hydroxy and methoxy derivatives of the three classes of 
pigments exist as glucosides. The anthocyanidin glucosides are the 
naturally occurring anthocyanins. The anthocyanidins in the form of 
their oxonium salts may be looked upon as formed from the corresponding 
flavonols by three steps: (a) reduction (by the addition of 2 atoms of 
hydrogen), (b) combination with an acid, in the plant cell probably an 
organic acid, but in the laboratory generally hydrochloric acid, and (c) 
by the elimination of a molecule of water. The three steps representing 
the transition from flavonol to anthocyanidin may be illustrated by the 
formation of eyanidin chloride from quercetin. Quercetin is not only a 
typical flavonol and one which is found widely distributed in nature, but it 
is also the particular one which is concerned in the pigmentation of maize. 


* The numbering of the rings is that indicated by Decker and von Fellen- 
berg (Decker, H., and von Fellenberg, T., Ann. Chem., 1907, ecclvi, 296). 
> Decker, H., and von Fellenberg, T., Ann. Chem., 1907, ecclvi, 281. 
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() OH 
OH OH 
O HO? H OH | 
Quercetin (yellow). | J Pseudobase (colorless). 
| O 
VAN 
On + H,0 
H 


Cyanidin chloride (red). 


(lor the sake of simplicity the above reaction shows the transformation 
from flavonol to anthocyanidin, both of which are aglykones or non-sugar 
products of the splitting of the glucoside molecule. The reactions in the 
plant are doubtless concerned with the glucosides, since the flavonol 
glucosides which occur in the plant are water-soluble and more easily 
reduced than the flavonols themselves.) The delicate equilibrium that 
must be maintained in aplant cell in order that one or another cell sap 
pigment may be present is indicated by the ease with which reversal of 
this last step takes place. Merely by treatment with hot water, pelar- 
gonidin chloride (the anthocyanin of the scarlet geranium is a glucoside 
of pelargonidin) passes into the colorless pseudobase, by the addition of 
1 molecule of water and loss of hydrochlorie acid. Alcoholic extracts of 
anthocyanins, although deeply colored at first, frequently become rapidly 
decolorized by this reaction, which may possibly be found to afford an 
explanation of the variation of some flowers from white to red,® which is 
known to depend, in Primula sinensis var. rubra, upon the temperature 
at which the flowers develop, the flowers being white at 30-35°C., and red 
at 15-20°C. 

It is obvious that the chemical relationships of these plant pigments are 
such that relatively slight changes in the condition of the cell might lead 
to large visible effects. 

In both flavonols and anthocyanidins there is a variable number of 
hydroxyl groups which are capable of being condensed with sugars. Com- 
pounds with glucose, rhamnose, and galactose are known. Others will 
doubtless be found. Depending upon the position of the substituted 
hydroxyls of any one flavonol or anthocyanidin, and also upon the partiec- 
ular carbohydrate which condenses with it to form the glucoside, there is 
an opportunity for the existence of a large number of isomeric pigments 
of somewhat different properties. With one, two, or more hydroxyls 


§ Klebs, G., Jahrb. wissensch. Bot., Leipsic, 1906, xlii, 155. ef. Wheldale, 
M. The anthocyanin pigments of plants, Cambridge, 1916, 87. 
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substituted, there is also an opportunity for several series of isomers, 
although only a monoglucoside series and a diglucoside series are known. 
Finally, variation in the position of the hydroxyls among the several mother 
substances provides possibilities for still more stereoisomers. Reference 
to the work of Perkin and Everest’? shows that many flavones and flavonols 
have already been isolated. Willstitter$ and his students have made great 
advances in the chemistry of the anthocyanins. 


The early interest was centered in the yellow plant pigments 
because of their value as dyes. Consequently the glucosides, of 
great importance from the genetical standpoint, have been less 
studied than the flavones and flavonols. In the recent work on the 
anthocyanins the glucosides have received relatively more atten- 
tion, but the geneticist finds little in the past work on flavonol 
glucosides and anthocyanins that enables him to argue that any 
particular yellow pigment is the mother substance of a particular 
purple. It is merely inferred that the most easy transition, in- 
volving the least readjustment of the molecule, is the one that 
takes place in the plant. Thus, if the yellow color of a certain 
plant were known to be due to a glucoside of quercetin, and if a 
genetically related purple type of the same species existed, one 
might logically expect the purple color to be due to a homologous 
glucoside of cyanidin. Or, if both yellow and purple pigments 
existed in the same variety, under circumstances that made it 
appear likely that one pigment was the mother substance of the 
other, there would be ground for expecting an equally simple 
relationship. What little direct evidence there is that supports 
this view has been found by Everest,® who has shown the coexist- 
ence in purple-black pansies of the closely related pair myricetin 
(CjsHwOs) and delphinidin (C;;HioO7), the former yielding the 
latter by reduction. To render the proof more satisfactory one 
would wish to show not only the close correspondence between the 
flavonol and the anthocyanidin, but also a correspondence in the 
sugar and the position of its attachment. It is obvious that a 
large field is here thrown open for investigation. 

No compounds are more widespread in plants than the yellow 
and purple pigments under consideration. The characters de- 


7Perkin, A. G., and Everest, A. E., The natural organic colouring 
matters, London and New York, 1918. 

8 Willstitter, R., et al., Summarized in foot-note 7. 

* Everest, A. E., Proc. Roy. Soc. London, Series B, 1913-14, Ixxxvii, 444. 
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pending upon their presence, absence, or distribution have often 
been the subject of genetical research, for the reason that 
color characteristics are frequently due to allelomorphic factors. 
If not allelomorphic, the color factors are interacting and the 
Mendelian ratios are interpreted from this standpoint. Thus, it 
is frequently the case that a simple monohybrid ratio is obtained 
in crosses between yellow and purple varieties. The cross be- 
tween purple and brown-husked maize affords a case in point. 
The first hybrid generation is purple. The second shows segrega- 
tion of purple and brown in a 3:1 ratio. 

Color characters may be mutually exclusive, not coexisting in 
the same plant or tissue, or non-exclusive, as in the case of flowers 
in which both yellow and purple pigment coexist. Distribution 
factors may, in the latter case, cause a definite color pattern, as in 
variegated purple and yellow pansies, or the pigments may be 
mixed. An example of the intimate association of yellow and 
purple (or blue) is possibly indicated by the green flowers of certain 
hybrids between purple and yellow alfalfa, in which the resultant 
color is green. (It is not certain, however, that plastid pigments 
are not here involved.) 

It goes without saying that it would be a great gain to both the 
physiologist and the geneticist if the place of these pigments in 
metabolism were known, and if it were possible to trace the train 
of reactions by which the same mother substance gives rise to 
different pigments in organisms of different genetical constitution. 
Hypothetical chemical explanations of the allelomorphism of color 
characters have been proposed, but all require complete or partial 
verification. For example, it has been suggested by Wheldale! 
that, in the simplest case, there would be at least two factors 
responsible for anthocyanin formation in flowers, one, designated 
C, representing chromogen, and another, designated R, represent- 
ing an enzyme which is supposed to act upon C with the production 
of color. It is generally believed that in some cases a flavonol 
glucoside may itself act as a chromogen for the formation of an 
anthocyanin, as in the case of the purple-black pansy already 
mentioned. 


10 Wheldale, M., The anthocyanin pigments of plants, Cambridge, 1916, 
211. 
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The available evidence would seem to indicate that cases of 
extreme simplicity are not often to be expected. For example. a 
flavonol from blue flowered Delphinium consolida L. has been 
isolated and examined by Perkin and Wilkinson" and found to be 
kaempferol. Willstitter and Mieg’ prepared an anthocyanidin 
from a purple variety of the same species, and named it del- 
phinidin. The flavonol corresponding to delphinidin is not 
kaempferol, but myricetin. Here we have a lack of the cor- 
respondence such as Everest found in his pansy. It must be 
emphasized, however, that in the ease of Delphinium the two 
investigators used different varieties, and that the genetical rela- 
tions are totally unknown, and probably complex, for there is 
evidence from another species of Delphinium of the complexity of 
pigmentation in this genus, showing that even a yellow species 
without known blue or purple forms may be a genetically un- 
resolved mixture of different vellow types. That Perkin and 
Pilgrim" found three flavonols in the yellow flowers of Delphinium 
consolida, chosen at random, is therefore not surprising. 

Thus far no series of color types of known genetical constitution 
has been thoroughly examined chemically, although an excellent 
beginning in this work was made by Wheldale and Bassett." 
Their work concerned Antirrhinum, from which they were suc- 
cessful in isolating flavones (not flavonols) from two _ yellow 
varieties. The deep yellow variety, with the Mendelian constitu- 
tion YYi contained both luteolin and apigenin. A dominant 
factor, I, transformed the deep yellow into ivory, or very light 
vellow, the homozygous ivory type having the formula Y YII, and 
containing only the pale colored apigenin. Other factors brought 
about the formation of two different anthocyanins, which were 
unfortunately not obtained in satisfactory condition for a deter- 
mination of constitution or identity. Since Wheldale and Bassett 
did their work before the publication of Willstitter’s brilliant 
researches, it is hoped that the Antirrhinum material may still 
be worked out satisfactorily. However, it must be noted that no 


1 Perkin, A. G., and Wilkinson, E. J., J. Chem. Soc., 1902, Ixxxi, 585. 

2 Willstiitter, R., and Mieg, W., Ann. Chem., 1915, edvil, 61. 

138 Perkin, A. G., and Pilgrim, J. A., J. Chem. Soc., 1898, Ixxiii, 267. 

44 Wheldale, M., and Bassett, H. L., Biochem. J., 1913, vii, 441; Proc. 
Roy. Soc. London, Series B, 1914, Ixxxvii, 300; Biochem. J., 1914, vili, 204. 
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natural anthocyanins corresponding to the flavones are vet known, 
and the anthocyanins of Wheldale and Bassett may therefore 
have been very different in their properties from the anthoevanins 
prepared by Willstéitter. 

Geneticists who are working with cotton and have pure lines of 
color tvpes at their disposal might turn to good account Perkin’s 
investigations of the flavonol glucosides of several types of 
CGossypium.','® (Additional data have been contributed by Vie- 
hoever, Chernoff, and Johns.'7) In cotton there is a series of 
Mendelian color types of which the basie work on the flavonols 
has been done, leaving only the anthocyanins to be worked out 
from the beginning. 

We have already pointed out in another paper the value of 
Emerson’s maize material for this problem. Although probably 
no better than cotton, the maize is superior to Antirrhinum in 
containing flavonol rather than flavone glucosides, with the obvious 
advantage that the anthocyanins will probably prove to have 
been worked out, or at least to be very similar to those described 
by Willstétter.® 

The maize series affords green types of different factorial compo- 
sition which give, on crossing, a brown type. The brown type, 
obtained in the homozygous condition by inbreeding (self-pollina- 
tion), will give simple Mendelian ratios when crossed with purple, 
the purple character being dominant in the first hybrid generation, 
and segregation in a 3:1 ratio taking place in the second genera- 
tion. We have an example, then, of interacting factors, neither of 
which, alone, produces color, but which produce brown by inter- 
action when both are present together. The symbols for these 
factors are B and Pl. The two different green types mentioned 
above contain B and PI, respectively, each alone. <A third factor 
is ealled A, which in the presence of B and PI produces purple. 
With B alone the presence of A produces the type known as sun 
red, for the reason that the red color appears only if the plants 
are exposed to direct sunlight. With Pl alone, A produces a dilute 
purple color. <A, then, is a factor for the production of some type 


16 Perkin, A. G., J. Chem. Soc., 1899, Ixxv, 825; 1916, cix, 145. 

‘6 Perkin, A. G., J. Chem. Soc., 1909, xev, 2181. 

'T Viehoever, A., Chernoff, L. H., and Johns, C. O., J. Agric. Research, 
1918, xiii, 345. 
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of anthocyanin, the nature of which is determined by the other 
factors present. If Ais present at all, the plant color in Emerson’s 
material has always been purple or red. If the plant color is to be 
brown, A must be absent, but both B and Pl must be present. 
This interesting series of relations must have a discoverable 
chemical basis. To find such a basis has been the motive for the 
present paper, which is to be followed by others as the examina- 
tion of the several genetical types proceeds. 

Thus far we have worked mainly upon the brown type, since it 
seemed to provide the most tangible point of departure. 

It might have seemed more logical to begin with one of the green 
varieties, of which there are three in Emerson’s series, their 
formulas being aabbPIPI, aaBBplpl, and aabbplpl. The first two 
are the ones that give the brown type when crossed. 

Using the same reasoning which has been advanced in the past, 
one might expect to find that these three green varieties would be 
characterized as follows: (a) one containing a chromogen, 7.e. some 
colorless or relatively colorless mother substance from which 
flavonol or anthocyanin may be produced, but lacking the enzyme 
which accelerates the reaction, (b) a second variety containing the 
enzyme, but not the chromogen, and, (c) the ultimate Mendelian 
recessive, a variety containing neither chromogen nor enzyme. 
Lacking a clue to the nature of the hypothetical chromogen or 
mother substance of the pigment, however, and expecting only one 
of the three green genotypes to contain such a chromogen, it 
seemed best to work first with the brown type, upon the sup- 
position that it would be found to contain a flavonol. This 
supposition was confirmed by the isolation and identification of 
quercetin, derived from an unidentified glucoside. 


Preparation of Isoquercitrin. 


The quercetin glucoside of the brown-husked maize was orig- 
inally obtained in too small a quantity for thorough study by 
methods outlined in our former paper.? A much larger quantity 
was obtained subsequently by the following procedure. The 
ground husks were extracted for 2 or 3 weeks with 95 per cent 
alcohol, and the extract was evaporated under reduced pres- 
sure. The syrupy residue was taken up with boiling water and 
filtered by means of a hot water funnel. The filtrate was allowed 
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to cool and was then shaken with ether to remove free quercetin 
and other substances. The quercetin glucoside was then removed 
from the aqueous solution by repeated shakings with ethyl acetate. 
The ethyl acetate extracts were then evaporated in a distilling 
flask, and as tarry substances separated on the bottom of the flask 
they were eliminated by changing the flasks. As the process 
of concentration proceeded, this deposit became lighter in color, 
and was then filtered off and added to the residue obtained 
by complete distillation. The procedure affected a mechanical 
separation of the phlobaphene-like substances, which separated 
ina tarry condition and could easily be removed from the portions 
richer in the unidentified glucoside. The crude glucoside was 
purified by solution in successive small «mounts of boiling water, 
followed by repeated crystallization from relatively large amounts 
of boiling water, aqueous pyridine, dilute acetic acid (1 per cent), 
and finally from boiling water. In the presence of contaminating 
substances, the quercetin glucoside was found to be easily soluble 
in boiling water. As it becomes purer the solubihty decreases. 
Approximately 5 liters of boiling water were required to dissolve 
ll em. of air-dried glucoside, although this relation does not 
accurately represent the solubilitv ratio. A quantitative ap- 
proximation of the glucosidal content of air-dried brown maize 
husks was determined by extracting 1,000 gm. with 95 per cent 
aleohol for 8 weeks. This extract was freed of alcohol by vacuum 
distillation and the residue taken up in boiling water as before. 
After filtering, cooling, and removing ether-soluble substances, 
the aqueous solution was shaken with ethyl acetate until the final 
extracts no longer gave a test for flavonol. Lvaporation of acetic 
ether left a residue, which after initial separation from tarry— 
substances and final purification by repeated crystallization from 
large volumes of boiling water, amounted to 4+ gm. in the air-dried 
state. Tor carrying through much of the tedious work of extract- 
ing the glucoside our thanks are due to Mr. Paul Williams. 

The corn glucoside, in its final state of purity, forms a felty mass 
of primrose-yellow needle-like plates, which are often branched as 
shown in Fig. 1. In our former paper® the color of this glucoside is 
reported as lemon-vellow and the melting point as 220-222°C, 
It is obvious that the small amount obtained for the previous 
investigation precluded the possibility of getting it pure and this 
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accounts for its deeper color and lower melting point. The pure 
elucoside melts at 220-222.5°C. An aqueous solution of this com- 
pound, using the filtrate from which most of the pigment had 
separated on cooling, gives with a few drops of ferric chloride, a 
pale olive-green, and with excess of the reagent, an intense olive- 


ereen color. Addition of sodium carbonate or dilute ammonia 


hic. Tsoquercitrin, of brown-husked maize crystallized from hot water 
(X 45), 


to the pigment solution intensifies the original yellow color. 
Lead acetate added to the cold aqueous solution gives a yellow 
precipitate which becomes more voluminous on the addition of a 
trace of ammonia. When an aqueous solution is reduced with 
magnesium ribbon and hydrochloric acid a clear pale rose-red 
color is produeed. Probably the spectral transmission curve 
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affords as useful a criterion of the identity of a pigment as any that 
ean be obtained. To facilitate future comparisons of unknown 
glueosides with the flavonol glucoside isolated from brown corn, 
the U. S. Bureau of Standards has very kindly prepared com- 
parable spectral transmission curves (Fig. 2) of our maize glu- 
coside and the quercetin prepared from it. In order to assure 
comparability the two pigments were dissolved in absolute alcohol 
and were made of the same molecular concentration (0.906 eg. 
of quercetin per liter; 1.392 cg. of isoquercitrin per liter, that is, 
solutions of m/300,000 concentration). The measurements in the 
visible part of the spectrum were made by Dr. M. K. Frehafer, 
and those in the ultra-violet by Mr. H. J. MeNicholas, to whom 
we wish to express our thanks. 

The spectral transmission of the glucosides of the flavone and 
flavonol derivatives will doubtless afford important evidence as to 
the position of attachment of the sugar residues, since the removal 
of a particular hydroxyl group by condensation with sugar 
might be expected to give a glucoside with approximately the 
same transmission as the non-glucoside with an H instead of an 
OH in the same position. Since the phenols and phenol acids 
formed as cleavage products of the flavones and flavonols (by 
fusion with alkali) indicate the position of the hydroxyl groups, 
it follows that the point of condensation in a glucoside would 
be indicated by a close similarity in optical properties between a 
glucoside of a given flavonol A, and a free flavonol B, containing 
one less OH group than A. Thus, if a monoglucoside of quercetin 
were closely similar in spectral transmission to kaempferol, it 
would indicate that the point of attachment of the sugar residue 
would be the particular hydroxyl which differentiates quercetin 
from kaempferol. The establishment of homologies between 
glucosides of the flavonol and anthoecyanidin series is going to 
require the points of attachment to be known. It is therefore 
suggested that in future the measurement of spectral transmission 
be made a part of the routine examination of these glucosides, 
and that each curve be plotted against the free flavonol, in the 
same molecular concentration. 
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Identification of Isoquereitrin. 


In our former paper*® we stated that the glucoside of the brown 
maize was very similar to one isolated by Heyl from the pollen 
of the ragweed, Ambrosia artemisiewfolia lL. A search of the 
literature showed that the latter was similar in many ways to the 
isoquercitrin described by Perkin'® from cotton flowers. Heyl 
very kindly placed at our disposal the small sample of his compound 
which remained and Perkin likewise sent a liberal sample of au- 
thentic isoquercitrin. As a result of a eareful comparison of the 
three preparations, we conclude that the corn glucoside is identical 
with isoquercitrin. We are not so certain about the identity of 
Heyl’s compound with isoquercitrin, for the reason that the small 
amount available (90 mg.) was insufficient for complete identifica- 
tion. However, several points of identification have been made. 
All are monoglucosides. The products of hydrolysis in each 
instance are quercetin and glucose. All crystallize in the same 
form (see Figs. 1,3, and 4). The melted glucoside in each case is a 
cherry-red oily liquid. Identieal reactions are obtained when 
solutions of the three glucosides are reduced with magnesium 
and hydrochloric acid, and when they are treated with lead ace- 
tate, ferrie chloride, sodium carbonate, and hydrochloric acid. 
Before we received samples of Perkin’s isoquercitrin and Heyl’s 
ragweed glucoside, a determination of the melting point of the 
corn glucoside led us to believe that all three compounds 
were different isomeric monoglucosides, since the melting point 
which we obtained for the corn glucoside differed from that of 
isoquercitrin, reported as 217—219°C.,!© as well as from that of 
Heyl’s glucoside!’ one sample of which melted at 224-226°C. and 
the other at 228-229°C. Since receiving these samples, however, 
we have found that the rapidity with which the heating is carried 
out in the melting point determination influences the melting 
point. When the compounds are placed in the bath at 200°C., 
and the heating is so regulated that there is a rise of 1° in 1 minute, 
the melting points are as follows: corn glucoside, 210—-211°; 
Perkin’s cotton isoquercitrin, 208.5-209.5°; Heyl’s ragweed glu- 
coside, 215.5-217.5°. Under similar circumstances, except that 
heating was at the rate of about 7.5° per minute, the melting 


18 Heyl, F. W., 7. Am. Chem. Soc., 1919, xli, 1285. 
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points were 220—222.5°, 218-220°, and 224-226.5°, respectively. 
Heyl’s compound mixed in an agate mortar with an equal amount 
of the corn glucoside did not show the depression in the melting 
point which would be expected if these two substances were 
different. The melting point of the mixture was slightly higher 
than that of the corn compound alone. Perkin’s isoquereitrin 


Fic 3. Heyl’s ragweed quercetin monoglucoside, crystallized from 
hot ws ter (X 450). 


mixed with the corn glucoside changed the melting point of the 
latter only slightly, the difference being too small to be of any 
significance. Finally a mixture of all three glucosides was found 
to have a melting point identical with that of the corn glucoside. 
From the above results one is led to suspect that these three 
compounds will be found to be identical when larger amounts are 
available for examination. 
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One observation was made which may account for the difference 
in melting point between Heyl’s glucoside and the ocher two. In 
crystallizing the three compounds under the same conditions, 0.03- 
gm. of air-dried pigment in each case dissolved in 5 ee. of boiling 
water, filtered hot and set aside to erystallize, we noticed that in 
each instance the ervstalline precipitate was admixed with a small 


Fic. 4. Perkin’s cotton isoquercitrin, crystallized from hot water (x 
450). 


amount of droplets (amorphous spherules). Heyl’s glucoside 
showed the least of this non-crystalline admixture and this may 
explain why his compound melted at a higher temperature than the 
other two. The amorphous spherules, according to this inter- 
pretation, represent some slight contamination, from which Heyl’s 
compound is nearly free. 
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When deposited from aqueous solution, the corn glucoside con- 
tains water of crystallization, which is liberated at 160°C. The 
air-dried substance was, therefore, heated at this temperature to 
determine the loss of weight. 


1.1554 gm. lost 0.0467 gm. Found. 4.04. 


In order to eliminate the error caused by the presence of hygro- 
scopic moisture, the three following determinations were carried 
out using material which had been vacuum-dried at room tem- 
perature until it reached constant weight. 


0.5229 om. lost 0.0201 gm. Found. H.O 3.84. 


Cs; He Or. requires: 3.73. 

Co, He 2H2O 


Analyses of the vaeuum-dried (a) and anhydrous (b, ¢, d) 
glucosides are here given: 


(a) 0.1302 gm.: 0.2491 gm. COs and 0.0537 gm. H2O. Found. C 52.18, 

4.62. 
Co He Ow. requires: 52.26, H 4.59. 

(b) 0.1229 gm.: 0.2441 gm. COs and 0.0480 gm. H20. Found. C 54.17, 
HL 4.38. 

(c) 0.1043 gm.: 0.2057 gm. CO, and 0.0414 gm. H.0. Found. C 53.79, 
4.45. 

(d) 0.1824 e@m.: 0.3623 gm. COs and 0.0732 gm. H.0. Found. C 54.16, 
H+4.49. 

CoH. Oi. requires: C 54.29, H 4.34. 


Isoquercitrin upon hydrolysis is resolved into glucose and 
quercetin in molecular proportions. Our sample of corn glucoside 
gave upon hydrolysis glucose and quercetin. For the quantitative 
determinations anhydrous material was used. The yield of 
quercetin accorded satisfactorily with that caleulated from the 
equation: 

+ H2O = + CoH i20c. 
0.5424 em.: 0.3521 gm. quercetin. Found. Quercetin 64.91. 
0.5638 “ 0.3630 “ 64.74, 
Co He Oi. requires: Quereetin 65.08. 


The above determinations were carried out by hydrolyzing the 
suuples (oven-dried at 160°C.) by boiling with 100 ce. of approx- 
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imately 4 per cent H.SO,; for 1 hour and then placing on a boiling 
water bath for another hour. The mixture was cooled over night, 
filtered, and the residue thoroughly washed with cold water and 
dried to constant weight at 130°C. The acid filtrates gave posi- 
_tive rotation indicating the presence of a dextro-rotatory sugar. 
Excess of sodium acetate and phenylhydrazine was then added 
and the solution heated on a boiling water bath until a yellow 
crystalline osazone separated. This was recrystallized from water 
containing 5 per cent pyridine, then dissolved in a small amount 
of pyridine to which were then added hot aleohol and a little hot 
water. The characteristic glucosazone, melting at 205—-205.5°, 
ervstallized out. 

The quereetin obtained from the glucoside by hydrolysis was 
identified by all the usual tests and by combustions of both 
hydrated (a) and anhydrous (b, dried at 130°C.) samples. A 
determination of the water of crystallization in a sample of querce- 
tin exposed to the air for 1 month and the combustion results are 
as follows: 

0.6220 gm. lost, at 130°C., 0.0656 gm. HzO. Found. H:O 10.54. 
requires: 10.65. 

(a) 0.1652 em.: 0.3229 em. CO, and 0.0630 gm. H2O. Found. C 53.30, 
4.27. 

requires: C 53.24, H 4.1. 

(b) 0.1890 gm.: 0.4121 gm. COs and 0.0580 gm. HeO. Found. C 59.46, 
H 3.43. 

requires: C 59.59, 3.54. 

Combustions of acetyl quereetin, dried at 160°C., gave the 
following figures: 


0.1301 gm. gave 0.2794 gm. COs and 0.0480 gm. HeO. Found. C 58.57, 


H 4.13. 
0.1277 gm. gave 0.2744 em. COs and 0.0440 gm. H2:O. Found. C 58.59, 
H 3.86. 


C,;H;0;(C2H;O); requires: C 58.57, 13.93. 


The hydrolysis of the penta-acetylquercetin carried out in 
glacial acetic acid by means of hydrochloric acid gave the following 
results: 

0.€408S gm.: 0.3753 gm. quercetin (dried at 180°C.). Found. Quercetin 


OS.60. 
1.0578 gm.: 0.6204 gm. quercetin (dried at 130°C.) Found. Quercetin 


C,;H;0;(C2H;30); requires: Quercetin 58. 98. 
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SUMMARY AND CONCLUSIONS. 


1. A series of color types in maize involving pigments of the 
flavonol and anthocyanidin groups, has been genetically analyzed 
by Emerson. The known genetic constitution of these color 
types makes it very desirable to conduct parallel chemical in- 
vestigation with them, in order to understand the operation of the 
Mendelian factors involved. 

2. As a beginning in this work, we have isolated a flavonol 
glucoside from brown-husked maize, one member of Emerson’s 
series and the lowest one showing the presence of a pigment of the 
groups under consideration. This glucoside is found to be the 
same as Perkin’s isoquercitrin, originally isolated from cotton, 
and probably the same as an unnamed glucoside isolated by 
Heyl from pollen of ragweed. It is a monoglucoside yielding only 
glucose and quercetin on hydrolysis. The large yield of this 
glucoside obtained from corn husks made it possible to add to the 
characterization of isoquercitrin by Perkin who had only a limited 
amount at his disposal. As a contribution to the more accurate 
identification of such pigments, the spectral transmission has been 
determined by MeNicholas and Frehafer of the U. 8S. Bureau of 
Standards. Their data are published in Fig. 2. 

3. It is suggested that spectrophotometrie and spectrographic 
comparison of the pigments of the flavones, flavonols, and antho- 
eyanidins may possibly afford the best evidence as to the points 
of attachment of the sugar residues in the glucosides. 
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CHART FOR THE CONVERSION OF COLORIMETRIC 
READINGS INTO HYDROGEN ION CONCENTRATION. 


By J. F. McCLENDON. 


(From the Laboratory of Physiological Chemistry, University of Minnesota 
Medical School, Minneapolis.) 


(Received for publication, May 29, 1922.) 


The most popular method of determining hydrogen ion concen- 
tration by the use of indicators has been the method of making 
buffer mixtures of known hydrogen ion concentration and adding 
indicators to them; at the same time adding the same quantity of 
indicator to the same volume of the unknown mixture and noting 
the buffer mixture that matched the unknown in color. This 
method necessitated knowing two things: one was the hydrogen 
ion concentrations of the buffer mixtures and the other was the 
difference in salt error between the buffer mixture and the un- 
known. In the practical working of the method other difficulties 
arose: (1) errors due to concentration of the indicator, since the 
same quantity of indicator had to be added to the buffer mixture 
and to the unknown, and (2) errors due to impurities in the 
indicator. These errors were difficult to avoid when the buffer 
mixture was sealed up and kept for a long time after the indicator 
had been added. If, however, the indicator is added to the 
standard at the same time it is added to the unknown, such errors 
can easily be avoided since the same sample of indicator can be 
used in adding portions to the unknown and to standard solutions. 
Perhaps on account of the above difficulties a number of persons 
have recently been using methods based on the percentage of the 
indicator that is in the so called dissociated condition. 

We do not wish here to go into the theory of the color production, 
but take the simple hypothesis of Ostwald that the free indicator 
is undissociated and the salt of the indicator is largely, and unde 
certain conditions, 100 per cent dissociated. Perhaps the sim- 
plest application of this method is the use of indicators which are 
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colorless in the undissociated condition, such as phenolphthalein, 
and compare the colors in a Duboseq colorimeter as follows: 
Equal volumes of unknown solution and of distilled water that 
has been made alkaline are taken, and to each of these the same 
quantity of indicator is added. In the alkaline-distilled-water- 
solution it is presumed that 100 per cent of the indicator is dis- 
sociated or in the red condition. This is tested by adding more 
alkali until the indicator solution does not become any redder. 
The unknown solution with indicator is placed in the left-hand 
cup of the colorimeter and this cup set at some known point, such 
as 10 mm., between the plunger and the bottom of the cup. The 
alkaline solution of the indicator is added to the right-hand cup and 
the plunger is raised and lowered until a color match is obtained. 
The reading on the right millimeter scale, if multiplied by 10, 
will give the percentage of the indicator that is dissociated in the 
left-hand cup. It remains to interpret this in terms of hydrogen 
ion concentration, which is done by the following formula: 
K 
K+ 


ais the degree of dissociation, A is the dissociation constant, and [H*] is 
the concentration of hydrogen ions. 


Such calculations, however, although they are done easily 
by many workers, are only accomplished with difficulty by others, 
and often the liability for error is proportional to the difficulty. 
It therefore seems desirable to use the graphic method of working 
out this formula. Clark, in his book on determination of hydro- 
gen ions, has drawn the graphs for a number of indicators, showing 
the relation of hydrogen ion concentration to percentage dissocia- 
tion. These graphs are curves which are not easily drawn by 
everyone, and, therefore, it seemed desirable to change the graph 
paper in such a way that the curves would become straight lines. 
This cannot be done with any of the ordinary graph papers in 
use, and when it 7s done the different regions of the graph have 
different ratios of numerical value to actual dimensions, and some 
slight error may arise in interpolation between the lines on the 
graph. Such errors, however, should be small and, therefore, 
it seemed desirable to publish the accompanying graph with 
tentative values for a number of indicators. The diagonals 
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represent the same functions as the curves in the charts in Clark’s 
book and therefore should be easily understood by anyone familiar 
with hydrogen ion determinations.! 

We add phenolphthalein, for instance, to the unknown solution 
coming within its range placed in the left-hand cup of the Duboseq 
colorimeter and to alkaline water in the right-hand cup. If the leit- 
hand cup is set at 10 mm. and the right-hand cup adjusted so as to 
obtain a color match, the reading on the right-hand scale multiplied 
by 10 will give the percentage dissociation of the indicator in the 
unknown solution. This percentage dissociation is then trans- 
ferred to the chart and its coordinate following to diagonal for 
phenolphthalein. The point of intersection will give on the 
abscissa the pH value (or logarithm of the reciprocal of the hydro- 
gen ion concentration). The same principle can be used with 
thymolphthalein, a-naphtholphthalein, and related indicators. 
In case of the sulfonic acid compounds of these indicators the 
Duboseq colorimeter, as ordinarily used, will read with difficulty, 
owing to the fact (with phenol red, for instance) that the unknown 
solution in the left-hand cup will show orange, which is a mixture 
of red and yellow, whereas the right-hand cup will show only 
different intensities of red as the cup is moved up or down. ‘The 
eye cannot evaluate the red in the orange without the use of a 
color screen which would absorb the yellow. The color screen 
would be placed between the eye and the eyepiece of the color- 
imeter. 

Another method would be to use a color screen absorbing the 
red or to use monochromatic light in illuminating the apparatus. 
Suppose we use sodium light. This would pass through the yel- 
low solution and yet it would be absorbed by the red and hence 
the red alone or the red element in the orange would appear dark 
and a matching of the two sides would be a matching of the 
intensity of monochromatic light. 


1 See Clark, W. M., The determination of hydrogen ions, Baltimore, 
1920. The equation on which the chart is based is No. 7, p. 20: 


1 1 a 
pH = log log + log 


a 


Values of log are given on p. 306. 
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A simple method of matehing these sulfonic acid dyes, such 
as phenol red, has been used by Barnett and Barnett? and fully 
described by them. ‘The principle of this is a rectangular trough 
of glass, divided diagonally by a vertical sheet of glass into two 
compartments. The equal volumes, say 100 ec. of unknown and 
of two distilled water solutions, are carefully measured out and 
the same quantity of indicator added to each. One of these dis- 
tilled water solutions is made acid until the indicator is all in the 
vellow form and the other made alkaline until the indicator is 
all in the red form and the yellow solution is added to one com- 
partment and the red to the other. If we then look through the 
trough in the horizontal direction, the color shades from yellow 
at one end through various shades of orange to red at the other 
end. In another rectangular trough, made the same _ thickness 
as this one, the unknown is placed. The unknown is then moved 
back and forth above the former and matched with some portion 
of the long trough. This point of matching is then measured in 
percentage of the total length, beginning at the vellow end; that 
is to say, the percentage red is determined in this way. With 
this value of percentage red (percentage dissociation) we may use 
Chart 1 as we did with phenolphthalein. 

Victor Myers* has demonstrated a double-wedged colorimeter 
built on the same principles as this simple trough and the values 
obtained with it may be converted into pH values by Chart 1. 

Another apparatus that has been used is a Duboseq colorimeter 
with two cups on the right-hand side, one movable and working 
inside the other. This has been described with detailed instructions 
as toitsuse.4 One of these instruments was made under the direc- 
tion of E. P. Lyon and used considerably, the values being inter- 
preted by means of Chart 1 and compared with values obtained by 
the use of buffer solutions. The method is simply the placing of the 
unknown in the left-hand cup (colored with phenol red, for in- 
stance) and taking the red solution out of Barnett’s apparatus 
and placing it in the inner cup and the yellow solution out of 
Barnett’s apparatus and placing it in the outer cup. The outer 


2? Barnett, G. D., and Barnett, C. W., Proc. Soc. Exp. Biol. and Med., 
1920-21, xviii, 127. 

’ Myers, V.C., J. Biol. Chem., 1922, 1, p. xxii. 

‘Gillespie, L. J., J. Bact., 1921, vi, 399. 
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cup and the plunger are fixed and only the inner cup is movable. 
The scale on the right-hand side measures in millimeters, but 
applies to the movement of the inner cup only. The outer cup is 
fixed the same distance from the plunger as the left-hand cup, 
namely 10 mm. in this case. The unknown will show an orange 
color. By moving the inner cup up and down an exact color 
match will be obtained. When the cup moves upward the red 
is decreased and the yellow increased and when it is moved down- 
ward the red is increased and the yellow decreased. 

The chief value of Chart 1 probably rests in the ease with which 
new data may be added to it. For instance, let us suppose that 
we have an indicator that is not on the chart. We first deter- 
mine its dissociation constant (A). If we take the logarithm of 
the reciprocal of the dissociation constant and find its numerical 
value on the pH scale and make a mark where it crosses the 50 
per cent coordinate, and draw through this point of intersection 
a diagonal line parallel to the diagonals on the chart, we will 
have a “curve” for converting values obtained with this indicator 
into pH values as has been described. Some samples of indicator 
may show dissociation constants different from those of other 
samples and new diagonal lines for these new samples may be 
made in this same manner. Also the presence of neutral salts may 
change the dissociation constant of an indicator and in this way a 
new diagonal for a different salt concentration may be drawn. It 
is not even necessary to know the dissociation constant. If we 
ean determine the dissociation at any pH value and fix this point 
on the chart and draw a diagonal through this point parallel to 
the diagonals, we have the values for the new indicator or for 
any indicator under new conditions. 

The different regions of the chart are not of the same sensitive- 
ness so far as the detecting of the color change is concerned. The 
eye is subject to Weber’s law, that is to say, the eye detects a 
percentage change in a color, and the absolute change it can de- 
tect is less the greater the intensity of the color. For this reason 
the portion of the chart showing less than 50 per cent dissociation 
is more sensitive than that showing’ more than 50 per cent. In 
case of methyl red, however, the reciprocal of the dissociation 
was used in drawing its curve in order to obtain the same slope of 
the curve as in the ease of acid dves. This will lead to no error 
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in practical application since the same conventions in the acid 
and alkaline solutions of the dye will be used, but the portion of 
the chart that is marked for more than 50 per cent dissociation 
would be the most sensitive region for methyl red. 


Note Added to Proof —According to Michaelis and Gyemant,® the eurve 
for phenolphthalein is not quite a straight line as in the chart. Their 
figures for 100 @ and pH are as follows: 10, 8.95; 20, 9.20; 30, 9.35; 40, 9.50; 
50, 9.70; 60, 9.90; 70, 10.10; SO, 10.30. They also add the following useful 
indicators with the pH at a = 50 per cent; 2,6-dinitrophenol, 3.69; 2,4- 
dinitrophenol, 4.06; p-nitrophenol, 7.18; m-nitrophenol, 8.35. They made 
these determinations at 1S° and they found that rise in temperature moves 
the figures to the acid side; that is to say, the values for pH deecresse 
slightly. 


> Michaelis, L., and Gvemant, A., Biochem. Z., 1920, cix, 165. 
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STUDIES ON ENZYME ACTION. 
XXI. BANANA GEL AND BANANA SUCRASE, 


By kK. GEORGE FALIKK anp GRACE McGUIRE. 


(From the Harriman Research Laboratory, The Roosevelt Hospital, 
New York.) 


(Received for publication, October 11, 1922. 
INTRODUCTION. 


Some of the properties of the sucrolytic enzyme obtained from 
bananas were described in a previous paper.' The conditions 
for action, the occurrence of soluble and insoluble forms, and a 
transformation of the former into the latter, were discussed. In 
a subsequent paper,” the properties of banana gels, their forma- 
tion, and conditions of relative stability, were described without, 
however, considering the accompanying enzyme actions. 

In this paper the properties of the banana gels will be consid- 
ered more fully, especially in connection with the sucrase actions 
of the preparations. The topics studied may be grouped as 
follows: (a) Relation between gel formation and sucrase content 
of gel with sodium chloride extracts of banana pulp; (b) similar 
studies comparing sodium chloride, sodium nitrate, sodium sul- 
fate, and magnesium sulfate extracts; (c) sucrase contents of gel 
and solution, with gel prepared by the action of pancreatin on 
banana pulp extract; and (d) separation of gel and sucrase sub- 
stances by various treatments. 


EXPERIMENTAL METHODS AND RESULTS. 


The method of obtaining banana extracts was similar to that 
described previously! and is briefly as follows: Ripe bananas 
were peeled, the pulp was passed through a food chopper, the finest 
cutter being used, mixed thoroughly with the extracting solu- 


1 Falk, K.G., and MeGuire, G., J. Gen. Physiol., 1920-21, iti, 595. 
> MeGuire, G., and Falk, K. G., J. Gen. Physiol., 1921-22, iv, 437. 
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tion, and after standing a definite length of time (45 minutes as 
a rule), poured on a large folded filter on ribbed funnels.  Fil- 
tration proceeded slowly and the filtrate was collected for about 
1S hours. Longer time and filtration through fresh filter papers 
gave very little additional filtrate. Toluene was added to the 
pulp mixture when it was put on the filter and to the filtrate. It 
was not added to and mixed with the pulp before filtration be- 
cause of its possible precipitating, coagulating, or other action. 
The activity of preparations was tested in a manner similar to 
that already described. The enzyme preparation was incubated 
at 37.5° for 3 to 24 hours, diluted, and the reducing substances 
were determined by the reduction of Fehling’s solution.® 

The results obtained in extracting the same quantity of pulp 
with different quantities and concentrations of sodium chloride 
solution as contrasted with water extraction and with no added 
liquid, are given in Table I. 

The results with the sodium chloride extractions given in 
Table I were obtained with two different batches of bananas, 
Series A and B. The results with the different batches are not 
strictly comparable because of the variations to be found in the 
compositions, ete., of different bananas, but the general relations 
are always the same. The conclusions to be drawn from these 
results are as follows: 

1. Gel formation decreased with increase in sodium chloride 
concentration of the extracting liquids (confirming former results). 

2. The sucrase actions of the extracts (as shown by the activities 
of the gels) increased with the presence of sodium chloride in 
the extracting liquids. A very large increase in the amount of 
extracting liquid (sodium chloride solution) showed a decrease 
in sucrase concentration although an increase in total sucrase 
extracted. 

3. The volumes of liquid retained by the pulp varied with 
the different batches. With a certain addition of extracting liquid, 
water or solution derived from the pulp was given up and appeared 
in the filtrate; with a greater addition, water or solution was re- 
tained by the pulp. The amount of liquid retained by the pulp 
in any one series appeared to be independent of the presence or 


3 Sherman, H. C., Kendall, Fk. C., and Clark, E. D., J. Am. Chem. Soc., 
1910, xxxii, 1083. 
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absence of sodium chloride in the extracting liquid (also shown 
by experiments not quoted in the table). 

4. On dialysis against tap water of the pulp filtrates, the smaller 
the amounts of added extracting liquids, the greater the relative 
increase in volume. The gel-forming property of the pulp fil- 
trates on dialysis was greater, the smaller the amounts of added 
extracting liquids. 

The presence of calcium salts in the sodium chloride in experi- 
ments similar to those of Table I, Series B, with the same batch 
of bananas showed gel formation with the undialyzed extract 
with a smaller concentration of added ealcium salt (and suitable 
alkali) than in the extraction with pure sodium chloride solution, 
while the gel formation upon dialysis against tap water and the 
solubility of the sucrase were the same in the two cases. 

The filtrates from the gels shown in Table I in almost all the 
experiments contained no sucrose. In a few isolated experiments, 
on prolonged incubation with sucrose, a trace of activity was 
observed. 

The results obtained in the extraction of gel-forming substance 
and of sucrase substance by solutions of various salts of different 
concentrations including sodium chloride, sodium nitrate, sodium 
sulfate, and magnesium sulfate are given in Table II]. <A 1:2 
ratio of ec. of extracting liquid to gm. of pulp was used in each 
ease. Each experiment of Series A, B, C, and D, was carried 
out with one batch of bananas and different concentrations of a 
salt, while Series E compared a number of different salts at their 
most satisfactory concentrations for sucrase extraction on the 
pulp from the same batch of bananas. The extracts were dialyzed 
against tap water for 18 hours and then tested for sucrase action 
and for gel formation with calcium chloride solution and ammon- 
ium hydroxide to bring the mixtures to pH 7.0. With the ex- 
ception of 1.2 M magnesium sulfate extract, the gel was Just 
beginning to form, or had formed only to a very small extent 
after 18 hours dialysis, and did not prevent the formation of a 
comparative gelling series upon the addition of calcium salt and 
alkali. The extracting solutions and filtrates were all at pH 5.0. 

The conclusions which may be drawn from the results given 
in Table II are as follows: 
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1. Increase in concentration of the salt decreased the amount 
of gel-forming substance extracted in the sodium chloride and 
sodium nitrate series, and in the magnesium sulfate series in the 
more concentrated solutions. Very little difference in this property 
was observed in the sodium sulfate series, possibly because of 
the batch of bananas used as shown by the gel from the water 
extract. 

2. Salt solutions extracted more sucrase than did the water 
alone. (a) With sodium chloride, increase in the concentration 
of salt increased the amount of sucrase extracted with a possible 
maximum coneentration between 1 and 2m. (6) With sodium 
nitrate, a maximum suerase extraction was obtained at about 
0.24 mM, higher salt concentrations not increasing the amount of 
sucrase. (c) With sodium sulfate, a similar maximum was ob- 
tained at0.12m. (d) With magnesium sulfate, a similar maximum 
was obtained at 0.24m. (e) With different salts at their maximum 
sucrase extraction actions, the concentrations of sucrase extracted 
from the same pulp differed only to minor extents. 

3. No regularity exists between the amounts of the filtrates, or 
amounts of liquid held back or retained by the pulp, and the 
concentration of salt, except for the case of sodium nitrate, where 
more liquid was held back by the pulp with increase in conecentra- 
tion of the sodium nitrate. 

4. On dialysis against tap water in collodion bags for 18 hours, 
the increases in the volumes of all the filtrates were of the same 
order of magnitude and independent of the salts and their con- 
centrations in the filtrates. 

As in the results shown in Table I, the filtrates from the gels 
showed no sucrase activity. 

If the banana pulp filtrates as originally obtained were boiled 
for a few minutes, no gels were obtained either on dialysis or on 
treatment with calcium salts in alkaline solutions. Boiling also 
destroyed the sucrase actions of the extracts. 

The experimental data relative to the formation of gel from 
banana pulp extracts by the action of a pancreatin preparation 
(U.S. P. VIII Revision) on incubation at 37° at pH 5.0, and the 
distribution of the sucrase between the gel formed in this way 
and the liquid are given in Table III. These experiments were 
planned originally for an entirely different purpose. It was 
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thought that the action of the pancreatin enzymes might result 
in the decomposition of the substances which formed gels with 
ealeium salts and in this way possibly throw light on the chemi- 
eal nature of these substanees. In place of destroying the gel- 
forming substances in the banana extracts, the pancreatin itself 
caused the formation of a gel. The conclusions from the results 
shown in Table III are as follows: 

1. The filtrates from the gels showed marked sucrase activities. 
Longer times of incubation were found to diminish these activities, 
perhaps because of the higher temperature of incubation (results 
not shown in the table). 

2. The filtrates from the gels on treatment with calcium salts 
at pH 7.0 or more alkaline conditions did not form any gels but 
only cloudy solutions with slight precipitates. 

3. Gel formation occurred at pH 5.0 on incubation of the 
banana pulp filtrates with pancreatin at 37°. Different salt 
extracts formed gels in different lengths of time. Sodium sul- 
fate extracts formed gel more slowly than did the aqueous ex- 
tracts or the sodium chloride or sodium nitrate extracts. None 
of the extracts was dialyzed before incubation. 

4. If the banana pulp filtrates as originally obtained were 
boiled for a few minutes, subsequent incubation with pancreatin 
did not result in the formation of gels. 

3 days treatment of a sodium chloride extract at 5° with pan- 
creatin did not result in the formation of a gel. Boiled pancreatin 
solution incubated with banana pulp filtrates at 37° did not form 
gels. 

The panereatin preparation showed no sucrase action. 

No attempt was made to measure the sucrase content of the 
pancreatin gel because of sucrase present in the bathing liquid. 

An experiment was carried out with a sodium chloride (0.25 m) 
extraction of banana pulp at pH 3.5 (hydrochloric acid added to 
bring about this reaction). The filtrate on standing at room 
temperature showed the separation of a gel after 6 days. This 
gel gave marked sucrase action while the filtrate from it gave 


none. 

The results obtained in the conversion of the “insoluble”? form 
of sucrase (in the calcium gel) into a soluble form are given in 
Table IV. 
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TABLE IV, 


Distribution of Sucrase in Gels and Filtrates after Various Treatments. 


Experi- 


Activity 
calculated to 1 


sont Salt used and treatment of extract. Part tested. cc. undialyzed 
extract. 
Series I. Sodium sulfate extract. 
mg. Cu2z0 
1 Gel mixture formed by dialyzing 27 hrs. | Mixture. 510 
against tap water. Filtrate. 0 
Gel. 340 
2 27 hr. tap water gel from Experiment 1, | Filtrate. 260 
dialyzed 4 days against distilled 
water. Filtered through paper. 
3 Unfiltered distilled water mixture from | Filtrate. 370 
Experiment 2, centrifuged in Sharples 
supercentrifuge at 35,000 r.p.m. for 
7 min. Filtered through paper. 
4 Gel mixture formed by dialyzing 48 hrs. | Mixture. 500 
against tap water. 
5 48 hr. tap water gel from Experiment 4, | Filtrate. 200 
dialyzed 4 days against distilled 
water. Filtered through paper. 
Series II. Magnesium sulfate extract. 
6 Gel mixture formed by dialyzing 27 hrs. | Mixture. 350 
against tap water. Filtrate. 0 
Gel. 340 
7 27 hr. tap water gel mixture from Ex- | Filtrate. 290 


periment 6, dialyzed 4 days against 
distilled water. Filtered through 


paper. 


The conclusions from the results in Table IV are as follows: 
1. Tap water or calcium gel upon filtration through paper gave 
a water-clear, colorless, inactive filtrate and an active light brown 


gel. 
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2. Tap water or calcium gel dialyzed against distilled water 
lost its gel-like form and upon filtration through paper gave a 
slightly cloudy, active filtrate. 

3. Centrifuging the unfiltered active liquid from Experiment 2 
at 35,000 r.p.m. for 7 minutes threw out a very small amount of 
solid matter and upon filtration through paper gave a more active 
filtrate. Presumably, the fine particles thrown out in the Sharples 
supercentrifuge tended to clog the paper filter and hold back some 
of the activity present in colloidal form. 

The results in the table refer to several of the experiments with 
sodium sulfate and magnesium sulfate extracts. Similar results 
were obtained with sodium chloride and sodium nitrate extracts. 
Because of the small activity of the aqueous extracts, the gels 
formed from these were not tested in this way, although they 
were found to be destroyed by similar dialysis. ‘ 

Numerous other attempts to convert the insoluble into the 
soluble form were unsuccessful. 


DISCUSSION. 


The work described in this paper was carried out with the 
primary intention of studying the properties of the enzyme su- 
crase in so far as these involve the possibility of separation from 
insoluble material, and the relation of the soluble to the insoluble 
enzyme. In the course of this investigation it was necessary to 
enter into the question of gel formation, etc., to a certain extent. 

The first important conclusion is that the gel-forming property 
and the sucrase property of the banana are due to different sub- 
stances. This is shown in the first place by the greater solubility 
of the gel-forming substance in water and of the sucrase substance 
in salt solution. Both properties are, however, destroyed by 
boiling their solutions. 

The gel formation was brought about by dialysis against tap 
water (of a certain calcium salt content and alkalinity) by treat- 
ment with calcium salt and alkali, and by incubation with a 
pancreatin preparation. In order to study the sucrase actions, 
the second method of gel formation could not be used, because 
the alkali inactivated the sucrase to a considerable extent. In the 
first method, presumably the alkali penetrated the collodion bag 
very slowly, the gel forming first along the inner wall of the bag, in 


4 
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this way causing only slight inactivation of the enzyme. The 
ealcium gel could be destroyed without simultaneous inactiva- 
tion of the accompanying suecrase by dialysis against distilled 
water. Attempts to remove the calcium by precipitation would 
involve the use of alkali, and were, therefore, ruled out. 

The calcium gels contained all the sucrase present originally, 
the pancreatin gels only a part or none. Although the properties 
of the calcium and pancreatin gels may be different, they involve 
the same substance or substances, since the filtrate from each 
gave no gel by the other treatment. The formation of a gel by 
the action of pancreatin on banana extract is of special interest 
in view of the work of Willstatter and Racket who treated yeast 
eells by different methods, including the actions of enzymes, to 
bring the yeast sucrase into solution. It may be pointed out 
that the gel formation in the present instance appeared to be 
connected with the presence of an amylolytic or similar enzyme 
and not with the proteolytic action, since the use of papain in 
place of pancreatin did not produce a gel. 

The molecular aggregates or micelle which form the gel include 
within themselves the whole of the sucrase present when the gel 
was formed by the addition of calcium salt and suitable alkalinity, 
but only a portion or none of the sucrase when the gel was formed 
by the action of pancreatin. The properties of the gels should 
be explainable upon the basis of the principles developed by 
Loeb, Proctor, and Wilson.’ A practical difficulty in the present 
connection lies in the fact that the gels obtained did not consist 
of one substance, or one group of substances. In the neighbor- 
hood of 25 per cent of the solid matter of the gel was protein in 
character, while the remainder consisted essentially of complex 
earbohydrate material. Also, in view of the problem studied, 
the hydrogen ion concentrations were not varied over wide ranges 
because of the possible inactivating effects on the sucrase. At 
the same time, some of the results are of interest in the general 
study of gel behavior. 

The retention of water by the gels on filtering through paper 
(as measured by the volumes of the filtrates) may be taken as a 
rough measure of the swelling properties of the gels. Because 


‘Cf. Willstiitter, R., and Racke, F., Ann. Chem., 1922, edxxvii, 111. 
5 Summarized by Loeb, J., Proteins and the theory of colloidal behavior, 
New York, 1922. 
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of the unsatisfactory nature and the complexity of the substances 
present in the original banana pulp, the volumes of the filtrates 
obtained in its extraction with different concentrations of various 
salts gave in the main irregular results and are not useful in the 
present connection. These filtrates (at pH 5.0) on dialysis in 
collodion bags against tap water (pH 7.0 with a certain calcium 
salt content) showed very nearly the same increases in volumes 
independent of the specific salt and its concentration which was 
used in the extraction. The volumes of the gels formed depended 
upon the concentration of the gel-forming substance extracted 
from the banana pulp by the solution in question. The results 
showed that the sucrase substance as such played no part in the 
swelling. Unquestionably, if comparable conditions of dialysis 
were used, it would be found that the Donnan equilibrium played 
an important part in the retention of water by the gels,® although 
as Loeb pointed out, other forees may also be involved in such 
an action.? This question, however, was not studied further 
in the present connection. 

The conditions for the change of the sucrase from the insoluble 
to the soluble state and vice versa are of main interest in the present 
connection. Suecrase from various sources has been found, as 
a rule, to be soluble in water. An exception, however, was de- 
scribed some years ago by Vinson,’ who showed that the sucrase 
of the green date was insoluble and that of the ripe date soluble 
in water. 

These results show the reciprocal changes of the soluble and 
insoluble forms of sucrase by simple treatments and involving 
in the main the substances present in the material from which 
the enzyme was originally obtained. Similar changes have been 
shown to occur when certain insoluble colloids such as aluminum 
hydroxide, charcoal, fullers’ earth, ete., were added to soluble 
sucrase preparations and found to remove the sucrase from 
solution completely under certain conditions, and upon the addi- 
tion of certain substances (phosphate or citrate mixtures contain- 
jng sucrase, etc.) to return the sucrase to the solution.’ In a sense 


§ Loeb,’ Chapter XI. 

7 Loeb,® p. 194. | 

3 Vinson, A. E., J. Am. Chem. Soc., 1908, xxx, 1005. 

* Griffin, E. G., and Nelson, J. M., J. Am. Chem. Soc., 1916, xxxviii, 722. 
Nelson, J. M., and Hitcheock, D. I., J. Am. Chem. Soc., 1921, xiii, 1956, 
Willstitter, R., and Kuhn, R., Z. physiol. Chem., 1921, exvi, 53. And others. 
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these changes may be looked upon as changes in solubility of 
definite substances (whose exact chemical nature is unknown at 
present) brought about by combination with substances whose 
chemical natures in some instances are known. 

This discussion leads to the conclusion that a definite enzyme 
property is not a soluble molecule or an insoluble molecule as 
such. The evidence indicates that, in the present case, the su- 
crase property on the one hand may be connected with, or a part 
of, a water-soluble molecule (or soluble in solutions containing 
various salts) and on the other hand, as the result of comparatively 
simple chemical treatments, changed so that it is connected with, 
or a part of, an insoluble compound. If the hydrogen ion con- 
centrations for optimum actions are the same for soluble and 
insoluble enzyme preparations (either existing naturally, or 
prepared as such zn vitro), then the conclusion is permissible that 
the enzymically active parts are identical. The hydrogen ion 
concentration optima are the properties most readily measured 
quantitatively and are therefore most frequently used, but other 
chemical properties, such as actions upon different simple sub- 
strates, are desirable. The simplest chemical interpretation is 
that. the enzyme action is due to certain groupings present at one 
time with soluble material, at another time with insoluble material. 

The relation between soluble and insoluble sucrase has been 
developed here. Sucrase is especially suitable for these studies 
because of its comparative stability. The conclusions are, how- 
ever, applicable to other enzymes. For example, it has been 
shown that a sodium chloride extract-soluble, ‘but water-insoluble, 
lipase preparation (as distinct from esterase preparation) was 
obtained from castor beans.!® An analogous lipase preparation, | 
but soluble in water, was obtained from soy beans.'"! Studies of 
the solubility changes of these preparations on simple treatments 
did not lead to any conclusions because of the relative instability 
of the preparations. 

Whether the change of a soluble enzyme preparation into an 
insoluble one by simple treatment is considered to be adsorption, or 
chemical interaction according to definite stoichiometrical ra- 
tios, may, at the present time, be looked upon as an academic 


10 Falk, K. G., J. Am. Chem. Soc., 1913, xxxv, 1904. 
11 Falk, K. G., J. Am. Chem. Soc., 1915, xxxvili, 649. 


| 


Kk. G. Falk and G. MeGuire 669 


question. The writers prefer to speak of it as chemical interac- 
tion, but the exact significance to be attached to the words, and 
this applies as well to those who prefer to speak of the changes 
as adsorption, must wait for a more complete and satisfactory 
knowledge of the chemical structures of the substances involved, 
and the changes accompanying the phenomena. 


The writers wish to express their thanks to Mr. Isaac Lorber- 
blatt for his aid in preparing the banana extracts used in this 
work, 


CONCLUSIONS. 


The properties of the gels obtained from banana extract by 
treatment with calcium salts and alkali or with pancreatin and of 
banana sucrase were studied. It was shown that different sub- 
stances were involved in the gel formations and in the enzyme 
actions, although boiling the solutions destroyed both properties. 

The formation of the gel and the conditions for dissolving it 
without inactivation of the enzyme were described. 

The relation of the results obtained to those obtained by others, 
as well as their bearing upon some general enzyme questions, is 
discussed. 
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ESTERIFICATION OF CREATINE.* 
By ARTHUR W. DOX anp LESTER YODER. 


(From the Department of Chemical Research, Parke, Davis and Company, 
Detroit.) 


(Received for publication, October 9, 1922.) 


Many of the amino-acids resulting from hydrolysis of proteins 
have been esterified by treatment with absolute alcohol and dry 
hydrogen chloride. The amino-acid, usually amphoteric in 
reaction because of the simultaneous presence of an amino and a 
carboxyl group, becomes strongly basic when the carboxyl is 
esterified, and the amino group readily adds an equivalent of 
mineral acid to form a stable crystalline salt. Fractional distilla- 
tion in vacuo of these basic esters constitutes Fischer’s well known 
method of separating certain of the amino-acids present in the 
acid hydrolysate of proteins. 

From glycine, or aminoacetic acid, the simplest of the amino- 
acids, the hydrochloride of the ethyl ester is readily obtained in 
large crystals. Creatine, or methylguanidine-acetic acid, may 
be regarded as a substituted glycine. The conversion of creatine 
into creatinine by loss of water is readily effected by treatment 
with mineral acid. It was significant, therefore, to find that 
treatment of creatine with absolute alcohol and dry hydrogen 
chloride, a condition ideal for the removal of water, resulted not 
in the ring closure but rather in esterification of the carboxyl 
group. Esters were readily obtained in this way with methyl, 
ethyl, and n-butyl alcohols. Since no esters of creatine are de- 
scribed in the literature, the following derivatives may be of 
interest. 

Creatine Methyl Ester Hydrochloride.—10 gm. of creatine, pre- 
viously dried at 100°, were suspended in 100 ce. of absolute methyl 
alcohol and dry hydrogen chloride was passed in. In a short time 


* Published as Contribution No. 17 from the Department of Chemical 
Research, Parke, Davis and Company. 
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the creatine had completely dissolved. The addition of hydrogen 
chloride was continued until the mixture was saturated at room 
temperature. On standing over night no erystals separated. 2 vol- 
umes of ether were added and the mixture was cooled in ice water. 
Within half an hour an abundance of slender needle-shaped crys- 
tals had separated. These were filtered and washed with ether, 
then recrystallized from ethyl aleohol. The vield was 9.0 gm. of 
slender needles, very soluble in water, moderately soluble in 
aleohol, and insoluble in ether. The substance has a strongly 
saline taste. It melted at 139-—140° with evolution of gas, and 
then solidified. When gradually heated in an open flask in an 
oil bath the substance sinters together without melting. In this 
reaction methyl alcohol is given off and ring closure occurs, result- 
ing in the formation of creatinine hydrochloride. This’ was 
identified by the nitrogen content and by the Jaffé reaction. A 
dilute solution of the ester hydrochloride gives with picrie acid 
a copious separation of fine vellow needles. The ester hydro- 
chloride gave the following figures: 
Analysis. 
Caleulated. N 23.14, 19.56. 
Found. 23.31, 23.38; “ 19.69, 19.52. 


Creatine Ethyl Ester Hydrochloride.—10 gm. of dry creatine were 
suspended in 100 ec. of absolute ethyl aleohol and dry hydrogen 
chloride was passed in. The creatine dissolved as in the pre- 
ceding preparation, but as the mixture became saturated with 
hydrogen chloride, the ester hydrochloride crystallized out without 
the addition of ether. After recrystallizing from alcohol 11.5 gm. 
of needle-shaped crystals were obtained. The substance melted 
at 163° with evolution of gas, leaving a white solid residue which 
gave the Jaffé test for creatinine. It is readily soluble in water, 
moderately soluble in aleohol, and insoluble in ether, and forms 
a difficultly soluble crystalline picrate. 

Analysis. 


Caleulated. N 21.48, Cl 18.16. 
Found. “21.49, 21.56; “ 17.€8, 17.69. 


Creatine n-Butyl Ester Hydrochloride—This was prepared in 
the same manner as the above, using n-butyl in place of ethy! 
aleohol. The product crystallized from the mixture in flat needles. 
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Recrystallized from ethyl alcohol, they melted at 138° and de- 
composed at about 150°, leaving a solid residue of creatinine hy- 
drochloride. The vield was 11.0 gm. Like the two preceding 
derivatives, this ester salt is very soluble in water, moderately 
soluble in alcohol, insoluble in ether, and forms a difficultly soluble 
picrate. 

Analysis. 


Caleulated. N 18.79, (1 15.98, 
Found. “ 19.39, 19.32; “ 15.95, 16.30. 


Isopropyl alcohol failed to react with creatine under the condi- 
tions of the above experiments. This is not surprising in view of 
the greater rate of esterification of primary as compared with 
secondary alcohols. 
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A COLORIMETER FOR BICOLORIMETRIC WORK.* 


By VICTOR C. MYERS. 


(From the Department of Biochemistry, New York Post-Graduate Medical 
School and Hospital, New York.) 


(Received for publication, October 11, 1922.) 


There are many purposes for which a colorimeter employing a 
single color standard is inadequate. One of the best illustrations 
is the colorimetric determination of the hydrogen ion concentra- 
tion. As ordinarily carried out this determination is cumber- 
some and rather crude, since it has been necessary to employ a 
series of tubes with graduated pH valves as standards, owing to 
the fact that here one is dealing with combinations of two colors 
instead of a single color. 

It has been pointed out! that with the use of two wedges in a 
modified Hellige colorimeter, it is possible to match all the shades 
_ of color in a given indicator from the acid to the alkaline side, 
when one wedge is filled with an acid solution of the dye and the 
other with an alkaline solution, thus reducing the number of 
standards employed with a single indicator to two. These may 
be made with buffer solutions of a definite pH, or of solutions 
of the indicator made sufficiently acid or alkaline to produce a 
complete change in the color of the indicator. Where it is de- 
sired to read very small differences in pH over a limited range the 
two standards can best be made of a definite pH just outside of 
the range to be covered. 

Barnett and Barnett? and Gillespie? have employed similar 
principles in the colorimetric measurement of the hydrogen ion 


* A preliminary report of this work was made to the American Society 
of Biological Chemists at the New Haven meeting, December, 1921 (Myers, 
V.C., J. Biol. Chem., 1922, 1, p. xxii). 

1 Myers, V.C., Proc. Soc. Exp. Biol. and Med., 1921-22, xix, 78. 

2 Barnett, G. D., and Barnett, C. W., Proc. Soc. Exp. Biol. and Med., 
1920-21, xviii, 127. 

3 Gillespie, L. J., J. Bact., 1921, vi, 399. 
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concentration. The former authors employ a low, narrow, rectan- 
eular glass box having a diagonal glass partition, one side being 
used for the acid and the other for the alkaline solution of the 
indicator, while the latter achieves the same result by having a 
small movable cup fitted over the plunger but inside the cup of a 
Duboseq type colorimeter. 

It is believed that the use of wedges which are individually 
movable provides a much more flexible system. The reading 
of the wedge containing the dominant color of the dye, e.g. the 
red in phenol red, characterizes the hydrogen ion concentration, 
the yellow wedge being employed simply to obtain a correct 
color match. This being the case it may also be employed to 
correct for any slight error due to extraneous yellow pigment in 
the unknown. 

Modified Hellige Colorimeter. 


In our first attempt to utilize the above principle the Auten- 
rieth-Konigsberger colorimeter of Hellige was modified so as to 
provide for a second wedge*t and a magnifying eyepiece. This 
instrument is illustrated in Fig. 1. It will be noted that space 
has been so economized as to take care of the two wedges in the 
box of a standard Hellige colorimeter. The two adjustment 
screws are placed on either side of the instrument to permit the 
use of both hands in matching the colors. With pure solutions 
this instrument works excellently. For the highest degree of 
accuracy, however, it seemed desirable that a metal construction 
should be employed. 


New Wedge Colorimeter. 


A new wedge colorimeter,? having a number of advantages 
over the instrument illustrated in Fig. 1, is shown in Figs. 2 and 3. 


4Sometime after our instruments had been constructed our attention 
was called to a colorimeter described by Hellige and Co. which contained 
several wedges. The design of this instrument is similar to that of their 
single wedge colorimeter, except that the box is much deeper to allow for 
the extra wedges. The uses which were suggested for this instrument 
are quite different, however, from those mentioned in the present paper, 
the extra wedges being employed chiefly to absorb interfering colors. 

6 These instruments were constructed by E. Leitz, Inc., CO East 10th 
Street, New York City, who are arranging to manufacture them. The 
author wishes to express his appreciation of their helpful cooperation in 
the development of the instruments. 
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Briefly this instrument comprises a brass box with heavy metal 
base. It is 30 em. in height, and contains a rack and pinion 
arrangement for three wedges, the movement of the wedges being 
entirely within the closed box. Readings are taken from 100 mm. 
(adiustable) seales which emerge from the top of the instrument 


Fig. 1. 


as the wedges are raised. The instrument is provided with an 
eyepiece containing magnifving lens. The Helmholtz prisms 
used in the Hellige instrument have been replaced with the type 
of prisms employed in instruments made on the Duboseq pattern. 
With these prisms the light passes more nearly through the center 
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of the wedges and cup, furnishing a better field for comparison. 
A milk-glass plate in back allows for the entrance of light. If de- 
sired, a small lamp box may be substituted for this. The lamp 
box as now constructed uses only reflected light, which passes 


Fic. 2. 


through a thick daylite glass. The small nitrogen bulb is set 
below the field of vision, the reflecting surface being covered with 
aluminum paint. The light obtained from the present lamp 
compares favorably with daylight in quality, although somewhat 
greater in intensity. A door at the side of the instrument gives 


i, 
| 
* 
| 
‘ 


V. C. Myers 679 


access to the wedges and to the cup for the unknown which is 
mounted on it (see Fig. 3). Two wedges provide for bicolorimetric 
work as in the pH determination. However, to obtain a perfect 
mateh with unknown solutions which are slightly turbid or 


bia, 3. 


colored a third wedge may be used. To secure an even field it 
is sometimes necessary to counterbalance the greater thickness of 
glass on the wedge side of the field. Provision has been made 
for this by attaching to the rack carrying the cup for the unknown 
a clip, which will hold one or more glass plates. 


* 
Ag 
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Wedges made according to the Hellige design are constructed 
with such an angle that, when a single wedge is used, the 100 mim. 
seale should read the strength of the unknown in per cent; 7.e., 
with a reading of 37 mm. the unknown should be 37 per cent the 
strength of the standard. Practically it is very difficult to manu- 
facture wedges which are exactly correct, and it is best simply to 
calibrate each wedge. However, both the wedges and cup are 
provided with adjustments, the cup adjustment having a vernier 
scale. When the angle of the wedge is such as to require only 
shght correction, these two adjustments will permit sufficient 
correction to secure accurate percentage readings. 


Accuracy of Reading with the Instrument. 


The chart shown in Fig. 4 is presented to illustrate the reading 
accuracy of the instrument. Standards were prepared to cover 
the same range as that emploved by Cullen® in his colorimetric 
pH determination in blood. The standard solutions for the two 
wedges were made with pH values of about 8.0 and 6.8. For 
the alkaline wedge 1.1 ec. of M 15 primary and 18.9 ce. of M 15 
secondary phosphate (Merck’s special reagent) were employed, 
while for the acid wedge 10.2 ec. of primary and 9.8 ec. of sec- 
ondary phosphate were used. 2 ec. of 0.02 per cent phenol red 
were added to both solutions. For the calibration of the wedges, 
nine different standards were employed covering the pH range 
from 7.0 to 7.8, the standards differing by 0.1 pH. 5 ce. portions 
were prepared in Pyrex test-tubes from the Mm 15 phosphates, and 
0.5 ce. of the phenol red solution was added to each. It will be 
noted that none of the readings fall more than one place away 
from the curve plotted, the value of one place on the scale being 
0.012 pH. It is believed that under favorable conditions the 
reading accuracy of the instrument for the above range of pH 
should be well within + 0.02. 


Uses of the Instrument. 


It is believed that this instrument will be found well suited to 
the colorimetric determination of the hydrogen ion concentration 
in various biological fluids such as urine, gastrie contents, blood, 


*Cullen, G. J. Biol. Chem., 1922, 501. 
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bacteriological culture media, ete. The instrument also serves 
excellently for the Marriott alveolar carbon dioxide test. It is a 
matter of common observation that in the phenolsulfonephthalein 
renal function test it is rarely possible to obtain an exact color 
match, probably because certain salts present in the urine prevent 


7.8 


10 2 40 50 60 70 
Colorimetric readings 


Fic. 4. Readings made with wedge containing dominant color (alkaline, 
8.0, phenel red solution). 


a complete change in the color of the indicator on the addition 
of alkali. By using an acid (yellow) ‘phthalein standard in 
conjunction with the regular alkaline ‘phthalein standard it is 
always possible to obtain an exact color match. If desired, 
correction may be made for the rather small error introduced by 
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the ‘off’ color. For the Marriott alveolar carbon dioxide test 
and the Rowntree-Geraghty ’phthalein test, the instrument 
illustrated in Fig. 1 is adequate, but for the more exact bicolori- 
metric hydrogen ion concentration work the new instrument 
(Figs. 2 and 3) is to be preferred. 


SUMMARY. 


A new colorimeter which has been designed chiefly for such 
bicolorimetrie work as the colorimetric pH determination is 
described. Standards are carried in wedges, one, two, or three 
of which may be employed at the same time. With one wedge 
the instrument may be used as an ordinary colorimeter. The 
second wedge provides for bicolorimetrie work. To obtain a 
perfect match with unknown solutions which are slightly turbid 
or colored a third wedge may be used. 


THE RELATIONS EXISTING BETWEEN ARTERIAL AND 
VENOUS BLOOD OF THE DOG WITH SPECIAL 
REFERENCE TO THE PLASMA CHLORIDES. 


By EDWARD A. DOISY anp J. W. BECKMANN. 


(From the Laboratories of Biological Chemistry, Washington University 
School of Medicine, St. Louis.) 


(Received for publication, October 13, 1922.) 


In this paper we are presenting a study of the relations existing - 
between the oxygen and carbon dioxide of blood and between 
the carbon dioxide and chlorides of the plasma of blood drawn 
simultaneously from the femoral artery and vein of the dog. 
Our primary purpose in undertaking this study was to determine 
if the chloride shift occurs in vivo as well as in vitro. Douglas 
and Haldane (1922) have obtained data upon the living subject 
which they interpret as evidence of the effect of oxygen unsatura- 
tion upon the capacity of the blood to bind carbon dioxide. But 
this work dealt with the blood as a unit, whereas our work on the 
chloride shift deals with it in sections. It is obvious that when 
blood takes up carbon dioxide if there were no mechanism whereby 
the efficiency of the poorly buffered plasma could be increased, 
there would be the opportunity for large variations in the hydrogen 
ion concentration of the plasma. We have previously published 
results of zn vitro work on the “‘loaned buffer’”’ (Doisy, Eaton, and 
Chouke, 1922), and our present studies indicate that the hemo- 
globin loans buffer to the plasma by means of the shift of hydro- 
chloric acid in the body, as well as in the test-tube. 

Although our chief purpose was to study the shift of chlorides, 
it seemed desirable to secure additional information on the arterial 
to venous change of blood. Few papers have dealt with this topic. 
Both Stadie (1919) and Harrop (1919) have studied arterial and 
venous blood of men, and recently Peters, Barr, and Rule (1920-21) 
have published more extensive studies. In the last two papers 
the relation of carbon dioxide taken up to oxygen lost has not 
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consistently yielded normal respiratory quotients. It appeared 
probable to us that this was oecasioned chiefly by technical and 
physiological difficulties in obtaining the blood samples. We 
have, therefore, eliminated some of these difficulties by carrying 
out our experiments on dogs in which the blood vessels were 
exposed before attempting to draw samples. 

Still another point considered was the distribution of carbon 
dioxide taken up in the venous blood between the corpuscles and 
plasma. Means and his collaborators (1920-21) found that only 


about 10 per cent of the added COs was carried in the plasma. — 


Some of our earlier 7n vitro work did not agree with this in that it 
indicated that added carbon dioxide was almost equally distributed 
between cells and plasma. Certainly, this arrangement would 
fit in better with the idea of a uniform C,,; of corpuscles and plasma 
or with an approximately constant slight difference of Cy, (Camp- 
bell and Poulton, 1920-21). With equal volumes of corpuscles 
and plasma, it is necessary for the bicarbonate to be increased in 
both phases at nearly the same rate if the relation between the 
hydrogen ion concentration of the cells and plasma is to be main- 
tained. More specifically the increase must bear a relationship 
to the solubility coefficients of CO. in corpuscles (0.45) and in 
H.CO; 

NaHCoOs 
data indicate an approximately equal distribution of the CO, 
taken up when the blood becomes venous. 

This part of our work required determinations of the volume 
occupied by the corpuscles of the blood. These data may be 
utilized to test the idea that cells swell when treated with an 
increased tension of carbon dioxide. Von Limbeck (1894-95) 
noted this phenomenon and others (Mukai, 1921; Moore, 1916) 
have studied it on isolated tissues. In a previous paper, Doisy 
and Eaton (1921) have related it to the greater buffer value of the 
cells and the indiffusibility of the cell buffers. While the values 
obtained are not strikingly constant, which may be due to errors 
of technique and uncontrolled physiological factors, the data 
indicate a transfer of water from plasma to cells when the blood 
becomes venous. 


plasma (0.54) if the ratio is to remain constant. Our 
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EXPERIMENTAL PROCEDURE. 


{n order to avoid the effects of ether (Van Slyke, Austin, and 
Cullen, 1922), local anesthesia with cocaine or butyn was used. 
In a few of our experiments in which very nervous dogs were used, 
morphine was given subcutaneously about an hour before putting 
the animal on the table. The femoral artery and vein were 
exposed under the local anesthetic and needles which were con- 
nected with 25 ee. pipettes inserted into the vessels. The pipettes 
contained oil and the same weight of potassium oxalate. It 
seemed necessary to secure exactly the same concentration of 
oxalate in both the venous and arterial blood to avoid any shift 
of water between cells and plasma. In view of the nature of our 
experiments, we attempted to draw the arterial and venous blood 
simultaneously during a period of even, regular respiratory move- 
ments, and in most of our experiments this was suecessful. 

Blood was transferred under oil to hematocrit and centrifuge 
tubes and centrifuged in stoppered tubes at high speed to obtain 
plasma for analysis and the volume of the corpuscles. In the 
meantime, the blood was analyzed for carbon dioxide and oxygen. 
After completion of the centrifugation the plasma was analyzed 
for earbon dioxide and chlorides. 

Although this work was begun during the summer of 1921, 
the paper was not submitted for publication until the experiments 
were repeated using the improved methods of Van Slyke and 
Stadie (1921) for the analysis of earbon dioxide and oxygen. 
Chlorides were determined by a modification of the Austin- 
Van Slyke (1920) procedure. Using very carefully controlled 
conditions our duplicate determinations rarely differed by as 
much as 0.0004M and generally the difference was no greater than 
0.0002 mM. 


DATA AND DISCUSSION, 


In Table I we have collected our data on the chloride and car- 
bon dioxide concentrations of arterial and venous plasma. The 
average difference of carbon dioxide is 0.00196M, while that of the 
chloride is 0.00138M. The difference in these two values may be 
explained in several wavs. (1) The carbon dioxide values are 
expressed as total CO. and not bicarbonate. In a recent paper 
(1922) we have shown that in man about 10 per cent of the car- 
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bon dioxide carried by blood in becoming venous is due to physi- 
cally dissolved CO, due to the greater tension existing in the 
capillaries than in the arterial blood. This uncombined CO, 
does not utilize base and to make the results comparable should 


TABLE I. 


Comparison of the Carbon Dioxide and Chloride Concentration of the Plasma 


of Arterial and Venous Blood. 


Arterial | [Column s—| | | Column 
M M M M M M 
i 0.0209 0.0233 0.0024 0.1087 0.1075 0.0012 
2 0.0230 0.0242 0.0012 0.1125 0.1120 0.0005 
3 0.0235 0.0244 0.0009 0.1155 0.1148 0.0007 
4* 0.0221 0.0240 0.0019 0.1170 0.1154 0.0016 
5*T 0.0254 0.0254 0.1136 0.1136 
6 0.0247 0.0256 0.0009 0.1064 0.1055 0.0009 
7 0.0193 0.0219 0.0026 0.1153 0.1137 0.0016 
8 0.0205 0.0223 0.0018 0.1117 0.1102 0.0015 
OT 0.0225 0.0239 0.0014 0.1141 0.1132 0.0009 
107 0.0228 0.0228 0.1102 0.1103 
11 0.0220 0.0232 0.0012 0.1124 0.1112 0.0012 
a 0.0218 0.0240 0.0022 0.1148 0.1132 0.0016 
13* 0.0218 0.0222 0.0004 0.1142 0.1132 0.0010 
14 0.0181 0.0200 0.0019 0.1132 0.1117 0.0015 
15* 0.0185 0.0203 0.0018 0.1159 0.1150 0.0009 
16 0.0232 0.0242 0.0010 0.1102 0.1092 0.0010 
Sia 0.0243 0.0269 0.0026 0.1133 0.1113 0.0020 
18* 0.0217 0.0267 0.0050 0.1111 0.1081 0.0030 
19* 0.0273 0.0310 0.0037 0.1086 0.1064 0.0022 
20* 0.0252 0.0278 0.0026 0.1105 0.1087 0.0018 
21 0.0275 0.0294 0.0019 0.1057 0.1042 0.0015 
22 0.0221 0.0234 0.0013 0.1094 0.1088 0.0006 


* Morphine used to quiet dog. 
+ Omitted in obtaining mean results. 


be subtracted from our mean difference of plasma carbon dioxide. 
(2) The ‘“‘self-possessed’’ buffer value of plasma while small 
(3 to 5 per cent) in the arterial to venous change should likewise 
be subtracted from 0.00196. Neither of these subtractions is 
possible because the pH of the arterial and venous blood of our 


| 
| 
| 
we 


Kk. A. Doisy and J. W. Beckmann 687 


dogs was not determined. (3) No aecount is taken of any con- 
centration effect, due to an increase of size of the corpuscles. We 
have avoided making this correction because of the uncertainties 
involved, chief of which is the effect of the cells of the muscle 
tissue in the equilibrium. In another series of experiments we 
have found that stimulation of the sciatic nerve between the tak- 
ing of the. arterial and venous blood causes a huge loss of water 
from the plasma of the latter. This, however, does not detract 
from the main point, namely the demonstration that the chloride 
shift occurs in vivo. 

The relation between the plasma chlorides of arterial and 
venous blood is a bit more complicated than in the zn vitro experi- 
ments in which the hemoglobin is kept at the same degree of 
oxygen saturation. In the former case there is an increased 
capacity of the blood to bind carbon dioxide without change of 
pH (Henderson, 1921) which may be expressed by saying that 


BHbO, 


for any pH the numerical value of the ratio HHbo. 


is greater 


BHb 
than that of the ratio HHb This increment of carbon dioxide, 


the base for which is provided by a reduction of oxyhemoglobin, 
is distributed between cells and plasma. In addition there is a 
certain quota due to the change of pH. Both of these reactions 
produce a migration of hydrochloric acid into the cells with a 
consequent increase of the bicarbonate of the plasma. This 
lump sum plus the physically dissolved carbon dioxide increase 
is what we have measured in our experiments. 

In all our experiments with the exception of Nos. 5 and 10 we 
have found a migration of hydrochloric acid. The results of 
these two experiments can probably be explained by our failure 
to obtain the blood simultaneously and an alteration of the res- 
piration between the arterial and venous puncture. We have 
omitted No. 9 from our consideration, even though it apparently 
shows a chloride migration, for the same reasons. Our con- 
clusion, then, is that the migration of hydrochloric acid which had 
previously been studied in the test-tube actually occurs in the 
body under normal physiological conditions. | 
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Our results on blood respiratory quotients which are given in 
Table II show that out of seventeen experiments eight values fall 
between 0.70 and 1.00. Of the remaining nine only three lie outside 
of the limits 0.67 to 1.05, values which have frequently been ob- 
served in studying the gaseous exchange of man. ‘Two of the 
other three results are low, while the third is very low, and may be 
explained by the failure of our technique which has already been 


TABLE II. 


The Loss of Oxygen and the Increase of Carbon Dioxide when Blood Changes 
from Arterial to Venous Condition. 


Difference, rence, | 

Experiment No} Weneus, {Column Arterial | Venous | Column quotient 

Column 7 

vol. per cent vol. per centivol. per cent|vol. per cent|vol. per cent|vol. per cent 

1 39.2 43.2 4.0 20.3 14.4 5.9 0.67 
2 41.4 43.6 2.2 21.1 19.0 2.1 1.05 
3 43.9 46.8 2.9 16.5 12.8 3.7 0.78 
4 40.1 44.8 4.7 23.7 19.2 4.5 1.05 
5 47.8 48.1 0.3 15.0 11.8 3.2 0.10 
6 43.9 46.7 2.8 23.5 19.7 3.8 0.74 
7 33.8 39.2 5.4 27.2 19.3 7.9 0.68 
eS 40.8 44.9 4.1 18.0 12.1 5.9 0.70 
12 39.7 44.4 4.7 22.1 15.1 7.0 0.67 
14 32.4 35.5 3.1 22.5 17.9 4.6 0.67 
15 33.4 37.1 3.7 22.3 17.8 4.5 0.82 
16 40.0 42.6 2.6 25.5 22.8 2.7 0.97 
17 44.1 53.2 9.1 22.1 10.1 12.0 0.76 
18 39.6 50.6 11.0 20.6 2.5 18.1 0.61 
20 44.9 50.1 5.2 21.6 14.3 7.3 0.71 
21 47.9 51.6 3.7 22.3 15.9 6.4 0.58 
22 38.4 41.2 2.8 18.6 15.6 3.0 0.93 


referred to. This result has been included in our table merely to 
indicate the degree that extraneous influences may affect the 
relations of arterial and venous blood. 

Table III indicates the distribution of carbon dioxide between 
cells and plasma. Of the amount taken up in the passage through 
the capillaries 52 per cent was found in the cells. The variations 
(37 to 75 per cent) of the individual experiments are not greater 
than should be expected when one considers the various deter- 
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minations involved in which the difference involved in any set is 
rarely more than 3 or 4 volumes per cent. In Experiment 18 in 
which the difference between the arterial and venous blood was 
very large 46 per cent of the total CO. taken up was held in the 
cells. This value agrees fairly well with some of our in wtro 
experiments (unpublished data). 


TABLE III. 


The Amount of Carbon Dioxide Carried in the Corpuscles and Plasma of 
Venous Blood.* 


Experiment No| Ditsma, | plasma, |— Column 
2. 3. of total. 

ce. CO2 ce. ec. CO2 ce. CO2 cc. CO2 ce. CO2 

1 23.7 26.2 2.5 15.5 17.0 1.5 37.90 
2 27 28.8 13.7 14.8 50.0 
3 32.6 33.7 1.1 11.3 13.1 1.8 62.1 
4 28.3 30.7 2.4 11.8 14.1 2.3 48.9 
6 27.5 28.9 1.4 16.4 17.8 1.4 50.0 
7 18.1 21.3 3.2 15.7 17.9 2.2 40.8 
11 28.1 30.2 2.1 12.7 14.7 2.0 48.8 
12 24.3 26.9 2.6 15.4 17.5 2.1 44.7 
14 19.4 20.9 1.5 13.0 14.6 1.6 51.6 
15 20.2 21.1 0.9 13.2 16.0 2.8 75.7 
16 23.6 24.5 0.9 16.4 18.1 Fe 65.4 
17 29.5 32.3 2.8 15.0 17.1 2.1 42.9 
18 25.3 31.2 5.9 14.3 19.4 5.1 46.2 
20 25.2 27.4 2.2 19.7 22.7 3.0 57.9 
21 30.1 31.9 1.8 17.8 19.7 1.9 51.4 
22 27.7 28.7 1.0 10.7 12.5 1.8 64.3 


*In 100 ce. of blood. 


Our mean value of 52 per cent is very much smaller than that 
given by Smith, Means, and Woodwell (1920-21). It might be 
argued that this is due to their use of men and our use of dogs, but 
we do not believe this to be true. Our in vitro experiments on 
human blood indicate that about 45 per cent of the carbon dioxide 
added by increases of carbon dioxide tension is taken up by the 
cells. However, we do agree with their conclusion that the cells 
are mainly responsible for the transport of carbon dioxide (Doisy, 
Briggs. Eaton, and Chambers, 1922). 


i 


690 Arterial and Venous Blood of Dog 


Our data dealing with the increase in volume occupied by the 
corpuscles when the blood becomes venous are given ‘n Table LY. 
These data are not entirely concordant, but in general show that 
the corpuscles of the venous blood occupy a larger volume than 
those of the arterial blood. Some physiological factors which 
may vitiate the accuracy of these determinations have already 
been mentioned. 

TABLE IV, 


The Volume Occupied by the Corpuscles in the Arterial and Venous States, 


1 00.5 50.1 0.4 
2 03.7 03.1 0.6 
3 61.9 61.8 | 
5 61.8 61.1 0.7 
6 49.8 50.3 —0.5 
7 41.7 43.3 —1.6 
9 49.8 48.7 1.1 
10 55.1 99.9 —0.4 
11 o7.1 58.2 —1.1 
12 50.1 50.0 
14 47.9 46.9 1.0 
15 48.7 46.5 2.2 
16 45.5 45.1 0.4 
17 54.3 53.5 0.8 
18 52.1 52.0 0.1 
99.9 58.2 
20 44.7 44.1 0.6 
21 48.9 48.5 0.4 
22 55.7 54.7 1.0 


We consider that the explanation of this phenomenon must be 
sought in part, at least, in the alterations of osmotic pressure. 
It seems probable to us that as base is taken from the buffers to 
bind carbon dioxide more ions are produced in the solution. This 
increase occurs more rapidly in the cells due to their greater 
buffer value, and consequently water is withdrawn from the 
plasma to maintain the already existing relations. This state- 
ment should not be construed to mean that we consider the osmotic 
pressure of the cells to equal that of the plasma, for there is some 
evidence to the contrary. 
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SUMMARY. 


It appears that a perfectly executed experiment on arterial and 
venous blood should show the following points: (1) Migration of 
chlorides into the cells; (2) normal blood respiratory quotient; 
(3) approximately equal distribution of the added COs. between 
eells and plasma; and (4) larger volume oceupied by the cor- 
puscles of venous blood. 

Consideration of our seventeen complete experiments in the 
tables shows that Experiments 3, 15, 17, 20, and 22 fulfill these 
conditions. It may be noted that in our later work which had the 
benefit of the practice of the earlier experiments the number of 
successful experiments is much larger. If it is permissible to 
extend the limits of normal respiratory quotients to from 0.67 to 
1.05, then we have four more experiments which may be classed 
as satisfactory. <A positive resuli in twenty out of twenty-two 
experiments supports the oecurrence of a migration of hyvdro- 
chlorie acid in the blood in the body. 
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Nine years ago I published (1) analyses of the blood of several 
species of fish occurring on the north Atlantic coast. Since this 
time great advances have been made in the accuracy of the tech- 
nique of blood analysis; a field still young, but which in 1912, the 
time at which my first work was attempted, was in its infancy. 
With the numerous improvements in technique which have come 
with the passing years our ideas as to what constitutes ‘‘normal” 
values for the non-protein constituents of human blood have under- 
gone radical change, and, such being the case it has seemed worth 
while to repeat some of my former observations on the blood of 
marine fish, as it would appear probable that at least a portion of 
the figures obtained by the relatively crude methods available at 
that time are in need of revision. 

The analytical methods used were as follows: Non-protein 
nitrogen, urea, creatinine, and glucose by the Folin-Wu (2) pro- 
cedures; amino nitrogen by Folin’s method (3); and urie acid by 
the direct method of Benedict (4). 

All animals used were bled as soon as brought in from the traps; 
blood was secured by cutting off the tail and collecting from the 
caudal vessels, without the use of an anticoagulant. The results 
obtained on the blood of seven species of fish are presented in 
Table I. 

In comparing the analytical figures collected in Table I with my 
own earlier work on the blood of marine fish and the values pub- 
lished by Wilson and Adolph (5) on fresh water fish, which in- 
vestigations constitute the only chemical studies of fish blood in 


* This work was carried on during the Summer of 1922 in the Marine 
Biological Laboratory at Woods Hole. 
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which modern methods have been emploved, it will be noted that 
the figures for non-protein nitrogen and urea are along the same 
general level as are the results previously published. The non- 
protein nitrogen in the blood of elasmobranch fish in both series 
of results lies in the neighborhood of 1,000 mg. per 100 ce. of blood, 
and the urea nitrogen at about SOO mg. 

In the case of the teleost fish my former i ations showed 
results varying from +0 to90 mg. of non-protein nitrogen per 100 
ec. of blood (average about 65 mg.), whereas in the present series 

TABLE L. 
Non-Protein Constituents in the Blood of Fish. 


Per 100 ce. blood. 


~ < ~ = 
mi. ma. | mg. | mg. | mg. | ma. | my. | mg. 
Dogfish (Mustelis canis)........... 1,060805 28) | 6.625 1.0; 1.6) SO 
Dusky shark (Carcharinus obscu- | 
pus) ..... 1 000866 (31 6.027 1.3) 1.7} 97 
Sand Las Ah, 010800 (39 7.6/36 
Sculpin (Wyorocephalus aenems)..| 56) 9 28 1.1) 6.0; 4.0 
Tantog (Tantoga anilis).......... | €0) 7.8/26.6; 1.1) 6.2) 4.4; 
Cunner | 65, 10 (28 | 1.3) 6.6) 4.2 
Menhaden (Bre roortia fyrannus),.| 73 8.021 1.5} 6.0; 4.3) 1.3) 90 


the results vary from 56 to 73 mg. The values obtained for urea 
nitrogen in teleost blood varied in my earlier observations from 
8 to 20 mg.. and in the present series from 7.8 to 10. 

The values reported by Wilson and Adolph for the fresh water 
teleost are distinctly lower than the above; 7.e., non-protein nitrogen 
29 to 59, and urea nitrogen from 1.1 to 16.0 mg. 

Striking differences are found in the creatinine and creatine 
content of the elasmobranch and teleost bloods, the high creatinine 
and creatine content of the fermer (creatinine 6.0 to 7.6, and crea- 
tine 25 to 36 mg.) being in marked contrast to the values obtained 
for the latter type (creatinine 1.1 and 1.3, and creatine 6.0 to 6.6 
mg.), values whieh closely resemble those found in human blood. 
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A practical reversal of this condition is to be noted in the occur- 
renee of urie acid in the blood of the two classes, in the elasmo- 
branches about 1 mg. and in the teleosts about 4 mg. In my 
first publication the statement was made that elasmobranch blood 
is free from urie acid while the quantity found in teleost blood 
amounted to only 1.0 to 1.5 mg., results which were doubtless due 
to the erude analytical technique available at that time. 

The level of amino nitrogen was found to be about the same in 
the blood of both elasmobranches and teleosts varying from 21.0 
to3lmg. Inmy earlier work no determinations of amino nitrogen 
were made, but in the blood of fresh water fish Wilson and Adolph 
have reported figures varying from 17 to 34 mg. 

The figures of ammonia and blood sugar require special comment. 
In my earlier paper on fish blood I reported a content of ammonia 
nitrogen of from 1.0 to 5.5 mg. per 100 ec. of blood; Wilson and 
Adolph found 0.9 to 1.8 mg. in fresh water fish. These results 
were obtained by the aeration method. Of late years additional 
work on the ammonia method has brought to light many formerly 
unsuspected sources of error (6). In view of the large amount 
of ammonia apparently present in fish blood I have used a method 
of procedure which I tried out some years ago on human blood but 
which was abandoned because it was found inadequate to eope 
with the extremely small amount of ammonia present in this 
fluid. The general principle consists of the precipitation of the 
proteins of blood with m-phosphorie acid (7) and the extraction of 
the ammonia from the filtrate so obtained by means of permutit. 

The details of my procedure are as follows: The blood was col- 
lected without the addition of any anticoagulant; to this were 
immediately added 13 volumes of distilled water and $ volume of 
a 20 per cent freshly prepared solution of m-phosphorie acid. A 
rubber stopper was then inserted and the flask shaken vigorously 
and continuously for 10 minutes to induce rapid precipitation. 
The mixture was then poured on a dry filter and an aliquot of 
this filtrate (usually 15 ee.) was shaken for 5 minutes with 2 gm. 
of permutit, which just before use had been freed from traces of 
ammonia by treatment suecessively with alkali, acid, and dis- 
tilled water (8S). The supernatant liquid was then poured off, the. 
permutit washed twice with distilled water, thus treated with 10 ee. 
of 0.5 per cent sodium hydroxide after standing for 5 minutes with 
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more distilled water and 3 ce. of Nessler’s solution, was finally 
made up to a volume of 50 ec., and compared in the colorimeter 
with a suitable standard. The standard solution found most con- 
venient consisted of ammonium sulfate solution equivalent to 
0.1 mg. of nitrogen, 20 ec. of 0.5 per cent sodium hydroxide, and 
6 ce. of Nessler’s solution, and the whole was finally made up 
with distilled water to a volume of 100 ee. I have confined the use 
of the above method to observations on the blood of three species, 
shark, dogfish, and menhaden, as these were the only varieties of 
which the supply was sufficiently abundant to furnish material 
for a reasonably large number of determinations. 

As will be seen from Table I the values obtained lie between 
1.7 and 1.3 mg., figures much smaller than those obtained in my 
earlier observations, and approaching those found by Wilson and 
Adolph for fresh water fish, but still greatly in advance of the 
ammonia values reported for human blood. 

A moderate number of observations have been made regarding 
the reducing bodies in fish blood, ordinarily classed under the term 
“blood sugar.’’ As discussions concerning the earlier work on this 
subject are to be found in the recent papers of Lang and Macleod 
(9) and of Scott (10) further comment is superfluous. 

As a considerable diversity of opinion exists among investigators 
regarding the influence of asphyxia on the blood sugar in fish the 
following experiment was tried with the dogfish. The animals 
were obtained as soon as they were brought in from the traps and 
were placed in the laboratory in a large tank of running sea water. 
After being allowed to remain over night in this tank, during which 
time thev had apparently recovered from the handling incident 
to capture, the fish were removed quickly, the tail was severed 
as promptly as possible and a small amount of blood (2 cc.) was 
collected. The blood which continued to drip from the severed 
vessels was received in 2 ec. fractions, the time of collection being 
noted, and sugar was determined separately in each fraction. In 
other experiments the animals were obtained, as before, immedi- 
ately on arrival from the fish traps, from whence they were trans- 
ported in a live car, brought to the laboratory, and placed in a 
large tank of running water. At the end of 20 to 30 minutes the 
animals, who by this time were somewhat, but apparently not 
entirely, recovered were rapidly removed from the tank, and 
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samples of blood taken at intervals as before. I have repeated 
this experiment many times with a number of different animals, 
but as the results were invariably uniform I present here the data 
of only two experiments, one on an animal in good condition, and 
one on a dogfish who had not entirely recovered from the rough 
handling and asphyxia incident to his capture. 

From the results given in Table II it would seem that in an 
animal who had not been subjected to a preliminary pgriod of 
asphyxia (by being carried from the live car to the laboratory) 
no change in the blood sugar can be noted during a period of 
asphyxia while blood was being taken. If on the other hand the 
animal was in poor condition before the experiment the blood 


TABLE II. 
Experiments Showing the Influence of Asphyxia on Blood Sugar in the Dogfish. 


| 
Amount o since fish were . 
blood taken. | removed from Blood sugar. Remarks. 
water. | 
cc. min. mq. per 1U0 ce. | 
2.2 0.5 180 _ Fish allowed to stay in laboratory 
2.3 1.5 | 142 ' tank 20 minutes after being 
2.8 | i 105 carried from pier. Not yet 
2.3 | 3.5 106 fully recovered. 
| 
2.3 | 0.5 125 Fish kept in laboratory tank for 
23.5 | 4.5 125 | 32 hours before experiment. In 
2.4 | 6.5 125 | good condition. 


sugar tends to be higher during the first 1 or 2 minutes and sinks 
after complete asphyxia and bleeding have been continued for 
several minutes. The latter finding is in accord with the experi- 
ment reported by Scott (10) on a shark in poor condition. On the 
whole it would seem that prolonged partial asphyxia has a marked 
effect on the blood sugar of fish, but that during the short period 
(2 to 4 minutes) usually occupied in desanguifying an animal no 
abnormal effects are to be noted. The blood sugar of the dogfish 
appears to be extremely variable, observations made on a con- 
siderable number of apparently normal animals have shown results 
varying from 80 to 181 mg. The great majority of these figures 
fall between 90 and 110 mg., which is about the level for normal 
human blood for the analytical method used. I have not obtained 
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any results confirmatory of the finding of Scott that occasionally 
dogfish are obtained whose blood is devoid of reducing bodies, the 
lowest figure in my series of results being SO mg. per 100 ce. of 
blood. 

The high level of amino nitrogen found in fish blood (usually 
about 28 mg., four to five times the values reported for human 
blood, in which fluid concentrations of from 5 to 7 mg. may be 
considered as normal amounts) has led me to make a few analyses 
of the amino-acid content of fish muscle in order to determine 
whether the same relation obtained between the amino-acids of 


blood and tissue as found in mammals. 


TABLE 


Determinations of Amino Nitrogen in the Blood and Muscles of Fish and 
Marine Invertebrates. 


Amino N per 100 gm. 
Name. 
Blood. Muscle. 
mie mi. 


Muscle from the flank was removed immediately after the with- 
drawal of blood, freed from fragments of skin and fat, cut into 
small pieces, and 10 gm. portions were rapidly weighed out and 
ground.for 10 minutes with 10 gm. of clean dry sand. ‘To this 
mixture there were added 70 ec. of ice-cold water and after further 
grinding of the mixture of muscle, sand, and water there were 
added 10 cc. of 10 per cent sodium tungstate and 10 ee. of 3 N 
sulfuric acid. After thorough stirring the mixture was allowed 
to stand for 10 to 15 minutes and then filtered. Amino nitrogen 
in the filtrate was then determined. by the colorimetric method of 
Folin. Some of the results obtained are given in Table III. 

Irom these figures it is evident that not only is the amino 
nitrogen content of fish blood much higher than in mammals 
but that a different equilibrium apparently exists between blood 
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and muscle in these two classes of animals. The amino nitrogen 
content of dog blood and muscle was found by Van Slyke and 
Meyer (11) to be in the neighborhood of 6 and 50 mg., respectively, 
although relatively wide variations are noted (especially for 
muscle) depending on diet, time of feeding, ete. In other words, 
the dog has approximately ten times more amino-acids in his 
muscle than in his blood; in the fish an entirely different relation 
appears to obtain, as here the blood frequently contains almost as 
much amino-acids as does the muscle. 

In Table III are also included a few determinations on the blood 
and muscle of two species of invertebrates. These determinations 
were made beeause of the suggestion of Myers (12) that in all 
probability the blood of invertebrates contains large amounts of 
amino-acids. As will be seen the surmise of Myers was incorrect, 
as in several of these animals amino-acids appeared to be practi- 
‘ally absent from the body fluids whereas considerable quantities 
still exist in the muscle. The lobsters examined were, however, 
an exception to this rule in that they showed small amounts of 
amino nitrogen in the blood and larger quantities in the muscle 
than did the other invertebrates. It is probable that this dif- 
ference between the lobster and the horseshoe crab may in part at 
least be due to the state of nutrition of the animals, the lobsters 
having been examined within 2+ hours after being taken whereas 
the Limuli had been in captivity for weeks and were probably 
distinetly undernourished. 


SUMMARY. 


Analyses of the blood of three species of eclasmobranch and four 
species of teleost fish indicate that the values for the non-protein 
constituents of fish blood published in 1913 will, as the result of 
improved analytical technique, require revision. 

The following may be said to represent average values for 
elasmobranch blood: Non-protein nitrogen 1,000; urea nitrogen 
S00; amino nitrogen 28; creatinine 6; creatine 25; uric acid 
1.1 mg. For teleost blood the following are average figures: Non- 
protein nitrogen 65; urea nitrogen 9; amino nitrogen 28; creatinine 
1.0; creatine 6; urie acid 4 mg. The blood of invertebrates fre- 
quently contains no amino nitrogen although considerable amounts 
of this fraction are demonstrated in the muscle. 
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THE BEHAVIOR OF CHLORIDES INTRODUCED INTO THE 
BLOOD UNDER NORMAL AND NEPHRITIC 
CONDITIONS.* 


By FRANK P. UNDERHILL ann EDWARD T. WAKEMAN. 


(From the Department of Pharmacology and Toxicology, Yale University, 
New Haven.) 


(Received for publication, October 15, 1922.) 


A study of chlorides in the body is becoming more and more 
important to a better understanding of nephritis, edema, and 
hypertension, and as a guide to the treatment of these con- 
ditions. Chlorides play an important réle in determining the 
distribution of fluids in the body. A retention of chlorides in 
the blood has been noted in nephritis, particularly in cases with 
edema (1), and Allen (2) has endeavored to show that salt reten- 
tion is the cause of pure hypertension and also of hyperten- 
sion in many cases of kidney disease. Many authors consider 
chloride retention as the chief causative factor in edema. The 
edema develops when the threshold of excretion of chlorides is 
raised and the edema fluid is reabsorbed when this threshold 
returns to normal. 

Host (3) studied the chloride concentration in the blood of nine 
patients suffering from nephritis with and without edema and 
found the chlorides to be high while at the same time the chloride 
output was incomplete. He believed, therefore, that the cause of 
chloride retention in these cases of nephritis was mainly to be 
found in the kidneys which, to a certain extent, bar the way for 
chloride excretion. When this barrier gave way more or less 
suddenly, as apparently happened in two cases when the patients 
received a single large dose of salt, the retained chlorides and water 
rushed out. With improvement in these cases the chloride 


* The data are taken from the thesis of Dr. Edward T. Wakeman pre- 
sented in candidacy for the degree of Doctor of Medicine, Yale University, 
1922. 
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excretion was increased and the blood chlorides returned to normal 
concentration, 

On the other hand, Achard and Ribot (4) have observed some 
eases of nephritis in which there was a retention of chlorides 
without an increase in the concentration of chlorides in the blood. 
This retention cannot be satisfactorily explained by impaired 
kidney function and it seems more probable that the cause is 
extrarenal, in the capillaries or even in the tissues. 

A considerable amount of experimental work has been done to 
study the changes in blood concentration in nephritis. Boycott 
(5) found that in normal rabbits the original volume of blood was 
restored in a short and fairly constant interval after intravenous 
injection of Ringer’s solution and that the activity of the kidneys 
was not essential to this regulation of the blood volume. However, 
rabbits rendered nephritic by uranium nitrate showed a partial 
failure of the blood volume to return to normal under the same 
experimental procedure. Chisolm (6) found a similar incomplete 
regulation of the blood volume in rabbits with nephritis induced by 
potassium chromate; and Bogert, Underhill, and Mendel (7) have 
shown the same condition to be true in rabbits with nephritis 
induced by sodium tartrate. An alteration of the permeability 
of the blood vessel walls seems the only adequate explanation 
of the changed conditions prevailing in nephritic animals. Bogert, 
Underhill, and Mendel have concluded, therefore, that the condi- 
tion of nephritis effects an alteration of the permeability of the 
walls of the capillaries of the general circulation in such a manner 
as to hinder the passage of fluid from the blood to the tissues. 

In this connection it is interesting to note that Smith and Mendel 
(8), in studying the regulation of blood volume after the injection 
of solutions of various sodium salts, found that with citrate, 
tartrate, and sulfate solutions the blood volume stayed above 
normal longer than with any other salts. With chloride solution 
the return to normal was more rapid, while with bromide, acetate, 
and nitrate the return to normal was most rapid. They suggest 
that the citrate, tartrate, and sulfate salts may have decreased 
the permeability of the capillary membranes so that the free 
movement of surplus fluid out of the circulation observed with 
chloride, for instance, was interfered with. If this is true, is it not 
possible that the alteration in permeability of capillary walls noted 
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by Bogert, Underhill, and Mendel (7) was due, not to the nephritis 
but rather to the sodium tartrate used to produce the nephritis? 

These studies have been concerned with the regulation of the 
blood volume after injections of saline solution in normal and 
nephritie rabbits with special reference to the fate of the injected 
fluid. In the following experiments it is proposed to study the 
regulation of the blood volume after injections of saline solution in 
normal and nephritic rabbits with special reference to the fate of 
the chlorides injected. 


Methods, 


In general, normal full grown rabbits which fasted 48 hours 
were used in all of the experiments. Hemoglobin was considered 
a true measure of the dilution of the blood as worked out by Bogert, 
Underhill, and Mendel (7) and Smith and Mendel (8) under 
similar experimental conditions. After the concentrations of 
chloride and hemoglobin in the blood were determined, a known 
quantity of salt solution was forced into the circulation as rapidly 
as possible. Immediately after injection and at regular intervals 
thereafter, the concentrations of chloride and of hemoglobin were 
measured and the relative blood volumes were calculated from the 
latter figures. 

Technique.—Sodium chloride solution of exactly 0.9 per cent 
concentration, warmed to 38°C., was used for injection of chloride. 
This solution was introduced into the ear vein in rabbits under 
sufficient pressure so that 80 ce. were injected in 2 minutes. 
Samples of blood were taken from the vessels of the rabbit’s ear, 
collecting the blood drop by drop into beakers containing a few 
crystals of potassium oxalate, 2 ec. being necessary for each 
chloride determination. The blood for hemoglobin determination 
was drawn up into a 20 mm. pipette directly from the bleeding ear 
vein at the same time that the blood was collected for chloride 
determination. 

The concentration of chlorides was determined by the method of 
Whitehorn (9). Hemoglobin determinations were made according 
to the method of Cohen and Smith (10). 

Experimental nephritis was induced by sodium tartrate accord- 
ing to the procedure suggested by Underhill, Wells, and Gold- 
schmidt (11). The rabbits were given no food for 2 days prior to 
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receiving a subcutaneous injection of definite amounts of sodium 
tartrate, formed by dissolving a weighed amount of tartaric acid 
in water and neutralizing with concentrated sodium hydroxide to 
a faintly alkaline reaction. 


Control Experiments, 
Effect of Frequent Bleeding upon Chlorides and Hemoglobin. 


In order to determine the effect of bleeding a rabbit, 2 cc. or 
more at a time, at the frequent intervals set down by these experi- 


TABLE I. 
Effect of Repeated Small Hemorrhages upon the Concentrations of Chlorides 
and Hemoglobin in the Blood. 


Rabbit A. Weight = 2,350 gm. Rabbit B. Weight = 2,000 gm. 
Time. Chloride Chloride 
NaCl Heme | volume in | ach | Heme” | volume in 
blood. normal, | blood. 
per cent per cent 
Normal, 556 81 100 107 100 
5 minutes. 553 82 99 456 91 118 
ee 542 80 101 456 101 106 
15 71 114 459 S89 120 
30 039 108 451 93 115 
60 1s 553 72 113 459 100 107 
2 hours. 553 70 116 462 07 110 
o61 69 117 481 92 116 
a 600 62 131 512 S9 120 
572 61 133 528 85 126 


ments, the chloride and hemoglobin concentrations of normal 
rabbits were determined at regular intervals. The results of two 
such experiments are given in Table I. 

From these experiments it appears that, in normal fasting 
rabbits, hemorrhage, as practised in present experiments, may or 
may not significantly change the chloride content of the blood. 
When there is a significant dilution of the blood as the result of 
hemorrhage, the chlorides are correspondingly increased. The 
dilution of the blood and the increase in chlorides are more marked 
after the Ist or 2nd hour. As a rule there is a marked general 
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parallelism between the relative blood volume and the chloride 
content of the blood. 


The Chloride and Hemoglobin Concentrations tn Normal Rabbits 
during Fasting. 


As a control upon the effect of sodium tartrate in the production 
of nephritis, the chloride and hemoglobin concentrations were 
determined twice a day on normal fasting rabbits for a period of 
5 days. The results of two such experiments are given in Table IT. 

TABLE II. 


Effect of Fasting upon the Concentrations of Chloride and Hemoglobin in 
the Blood, 


Time. Day of fasting. | Rabbit C. | Rabbit D. 
; Relative Relative 
| Chloride | blood Chloride blood 
_— oe as NaCl , Hemo- volume | as NaCl Hemo- volume 
perl00cc.; globin. in per- | per100ce.| globin. in per- 
' blood. | centage of| blood. centage of 
| normal. normal. 
| percent per cent 
3rd | 9.00a.m. 571 | 81 100 | 514 | 9 100 
5.00pm. 104 501 82 112 
4th | 9.00a.m. | 583 | 77 | 105 465 78 118 
5.00pm. | 566 | 74 | 110 | 476 | 74 124 
5th 9.00 a.m. | 564. | 75 108 489 71 130 
5.00pm. | 559 | 74 | 10 |} 489 | 69 133 
6th | 9.00a.m. | ses | «| «(127 512 | 73 126 
5.00pm. 45535 695 | 125 511 70 131 
ith 9.00 a.m. | 561 | 66 | 123 542 64 144 


From these experiments it appears that the chloride concen- 
tration of the blood remains practically constant or may be slightly 
increased during fasting when normal rabbits are bled twice a day 
for several days. The relative blood volume, however, increases 
progressively during this period. 


Nephritic Rabbits during Fasting. 


Effect of a Sublethal Dose of Sodium Tartrate on the Chloride and 
Hemoglobin Concentration of a Normal Fasting Rabbit. 


A normal fasting rabbit, weighing 2,260 gm., was given a sub- 
cutaneous injection of tartaric acid, 0.75 gm. per kilo of body 


| 


706 (‘hlorides Introduced into Blood 


weight, neutralized with sodium hydroxide. The chloride and 
hemoglobin concentrations were determined before injection of 
tartaric acid and twice daily thereafter for 5 days. The rabbit 
drank freely, but 24 hours after injection became anurie and 
remained so until the 3rd day, after which it excreted a small 
quantity of urine each day. The rabbit was extremely weak on 
the 3rd day and lay on its side in a semicomatose condition. On 
the 4th day it seemed stronger and was more active and seemed 
TABLE III, 


Effect of a Sublethal Dose of Sodium Tartrate on the Chloride and Hemoglobin 
Concentrations of a Normal Fasting Rabbit. 


Time. Day of fasting. Rabbit F. Weight = 2,260 gm. 
Day | Hour. Hemoglobin. in percentage 
per cent ce. 
3rd 4.00 p.m. 509 S9 100 130 
6.00 “* Injected 1.7 gm. tartaric acid. 
4th 9.00 a.m, 4S4 61 110 90 
5.00 p.m. 415 70 127 0 
oth 9.00 a.m. 360 G7 132 0) 
5.00 p.m. 302 73 122 0) 
6th 9.00 a.m. 139 65 
5.00 p.m. 61 145 36 
7th | 9.00 a.m. 375 61 145 60 
Sth | 9.00 “ 429 66 135 160 
Oth | 9.00 “ 481 63 141 66 


to improve each day until it died on the 8th day after injection. 
The results of this experiment are given in Table IIT. 

In the single representative of this type of experiment it will be 
seen that there is a marked drop in chloride concentration during 
the period of severe nephritis as shown by anuria. ‘This is in strik- 
ing contrast to the more or less constant chloride concentration 
in a normal rabbit under similar experimental conditions as shown 
in Table II. At the same time the relative blood volume shows a 
corresponding increase, more rapid than that observed in normal 
rabbits under similar conditions. Later, however, as there is an 
apparent change toward recovery as shown by excretion of urine, 
the relation of chloride concentration to relative blood volume 
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changes. The relative blood volume remains more or less 
stationary, whereas the chloride concentration tends to regain its 
normal level. 


Effect of Fatal Doses of Sodium Tartrate on the Chloride and 
Hemoglobin Concentrations of Normal Fasting Rabbits. 


Normal fasting rabbits were given subcutaneous injections of 
tartaric acid, 1 gm. per kilo of body weight, neutralized with 
sodium hydroxide. The chloride and hemoglobin concentrations 
were determined before injection and twice daily thereafter until 


TABLE IV. 
Effect of Fatal Doses of Sodium Tartrate on the Chloride and Hemoglobin 
Concentrations of Normal Fasting Rabbits. 


Time. Davy of fasting. Rabbit KX. Weight = 2,360 gm. | Rabbit M. Weight = 2,200 em. 
| Relative | | Relative 
Chloride blood | Chloride | blood 
— _ as NaCl | Hemo- | volume | as NaCl | Hemo- volume 
per 100ce.| globin, in per- per 100ce. globin. in per- 
blood. centageof| blood. centage of 
normal. | normal. 
| per cent | per cent 
ord 9.00 a.m, 506 | 100 
10.30 * Injected 2.4 gm. tartaric | Injected 2.2 gm. tartaric 
acid, | acid 
4.30 p.m. 523 S4 | 102 | | 
4th 9.00 a.m. 44f 78 110 | 522 oi 
4.30 p.m. 415 S3 | 104 | | 
Died on 4th day after | Died on 2nd day after 
injection. | injection. 


the animals died. These rabbits drank freely, but beeame com- 
pletely anurie on the day following injection. Of three such 
rabbits one died 2 days, one 3 days, and one 4 days after injection. 
The results of these experiments are given in Tables IV and Y. 

In these, as in the previous experiments, it will be seen that 
there is a more or less rapid decrease in chloride concentration 
after the induction of tartrate nephritis and an increase in the 
relative blood volume. The dilution of the blood in tartrate 
nephritis confirms the observations of Underhill and Greenhouse 
(12) on this condition. 
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TABLE YV. 
Effect of a Fatal Dose of Sodium Tartrate on the Chloride and Hemoglobin 
Concentration of a Normal Fasting Rabbit. 


Time. Day of fasting. | Rabbit I. Weight = 3,000 gm. 
| Relative 
_ Chloride | blood 
Day. Hour. | Excretion of urine. 
' blood. | centage of 
| normal. 
| | per cent ce. 
Srd 4.30pm. 514 | 82 100 150 
Injected 3 gm. tartaric acid. 
4th | 9.00a.m. 435 | 0 
4.30pm. 462 Few drops expressed. 
oth 9.00a.m. 451 «109 0 
4.30p.m.) 440 63 131 0 
6th 9.00a.m. 451 0 
4.30p.m. | 437 48 170 Few drops expressed. 
‘th 9.00a.m. 454 32 254 
| 4.30pm. | 484 | 28 292 0 


Found dead on 5th day after injection. 


Experiments with Injection of Salt Solution. 


I n fluence of the Intravenous Injection of Isotonic Sodium Chloride 
Solution upon Sodium Chloride Content of the Blood and upon 
the Relative Blood Volume of Normal Fasting Rabbits. 


The chloride and hemoglobin concentrations of the blood were 
determined before the injection of salt solution. Then 80 ce. 
of 0.9 per cent NaCl solution were introduced into the ear vein of 
normal fasting rabbits under sufficient pressure to inject the 
entire amount in 2 minutes. The chloride and hemoglobin con- 
centrations were determined immediately and at regular intervals 
thereafter. The results of two such experiments are given in 
Table VI. 

It will be seen from these experiments that there is at first a 
rapid rise in the chloride content of the blood which is closely 
paralleled by the relative blood volume. In general the chloride 
content returns to a level near normal or even to normal within a 
relatively short time — 30 minutes. However, the normal level 
may not be maintained, probably because of the fact that the 
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hemorrhage effect observed previously now comes into play. This 
is especially noticeable after a period of an hour or more. The 
relative blood volume follows closely the changes in the chloride 
content of the blood. 

TABLE VI. 


Tn fluence of Intravenous Injection of Isotonic Sodium Chloride Solution upon 
the Chloride Content of the Blood and upon the Relative Blood Volume. 


Rabbit N. Weight = 2,200gm. | Rabbit P. Weight = 3,100gm. 

Relative Relative 

Time. Chloride blood Chloride blood 

as NaCl Hemo- volume | as NaCl Hemo- volume 

per 100ce.| globin. in per- | per100cc.| globin. in per- 

blood. centageof| blood. centage of 
° normal. normal. 
per cent per cent 
Before injection...... 520 SO 100 494 102 100 
After injection. 
Immediately.....) 586 76 105 506 76 134 
5 minutes....... 908 70 115* 528 79 129 
10 DAT 73 110 495 S7 117 
15 545 72 111 514 S89 115 
30 ™ 500 77 104 509 92 111 
Sreeperien 558 75 107 536 83 123 
575 75 107 542 S4 121 
578 66 121 

64 125 567 79 129 
569 56 143 564 77 132 
60 134 591 79 136 


* In the subsequent analysis of this table, this figure was taken instead 
of 105 as representing the more probable volume immediately after 
injection. 


Influence of the Intravenous Injection of Isotonic Sodium Chloride 
Solution upon the Chloride Content of the Blood and upon 
the Relative Blood Volume of Nephritic Rabbits. 


Normal fasting rabbits were rendered nephritic by the sub- 
cutaneous injection of 1 gm. of tartaric acid per kilo of body weight, 
neutralized with sodium hydroxide. Since rabbits thus treated 
are completely anuric the day following injection, and may die on 
the 2nd day, they were used for experimentation 24 hours after 
tartrate injection. The same procedure was followed as described 
for normal rabbits in determining the effect of fatal doses of sodium 
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tartrate on the chloride and hemoglobin concentrations. The 
results of two such experiments are given in Table VII. 

It will be seen from these results that the immediate response to 
sodium chloride injections into nephritic rabbits varies but little 
from that observed with normal animals. That is to say, the 
relative blood volume and chloride content of the blood follow 
eurves very similar in their time relations to those obtained with 
normal fasting animals under similar experimental conditions. 


TABLE VII. 
Influence of the Intravenous Injection of Tsotonic Sodium Chloride Solution 
upon the Chloride Content of the Blood and upon the Relative Blood 
Volume of Nephritic Rahbits. 


Rabbit R. Weight = 2,7002m. | RabbitS. Weight = 2,450gm., 

Relative Relative 
Time. Chloride blood Chloride blood 

as NaCl Hemo- volume | as NaCl Hemo- volume 

per 100ce.| globin. in per- | per100cc.| globin. in per- 

blood. centage of lood. centage of 

normal. normal. 

per cent per cent 
Before injection...... 448 76 100 507 93 100 
After injection. 

Immediately..... 558 61 125 550 65 143 
Sminutes.......| 517 64 119 550 74 126 
10 yh ewes 514 69 110 542 79 118 
15 525 79 118 
30 ee ae 476 70 109 523 83 112 
501 76 100 547 72 129 
re 476 62 123 536 71 131 
501 123 545 71 131 
wie 503 5S 131 539 70 133 
503 53 143 500 61 153 


From this one may perhaps infer that, in this type of nephritis at 
least, the capacity of the organism to adjust itself to alterations in 
fluid content of the blood is not impaired as judged by the criteria 
adopted. On the other hand, in the later time intervals studied, 
it would appear that chlorides leave the tissues and enter the 
blood stream less readily than is true for normal animals. May 
one infer from this that a change has occurred in the capillary 
wall of such a nature that absorption is not hindered from the 
blood to the tissues but that in the opposite direction a barrier 1s 
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interposed, or may one assume that the tissues themselves have a 
greater affinity for sodium chloride? 

In order to compare the results of the last two experiments more 
accurately, an analysis was made of the figures obtained with 
special reference to the amount of iniected fluid and of injected 
NaCl which had passed out of the circulation at any given time. 
For the purpose of calculating the absolute blood volume it was 
assumed that the average rabbit of 2 to3 kilos has 50 ee. of blood 
per kilo of body weight (5). 


With Rabbit N therefore, in Table VI, the assumed volume would be 
——. *& 50 = 110 ee. SOce. of salt solution were introduced in 2 minutes. 


If the entire amount of injected liquid had still been in the circulation at 
the end of the injection period, the volume of blood would have been 110 
+ 80 = 190 ce. and the hemoglobin would have been a x 80 per cent = 46 
percent. Immediately on completion of the injection, however, the hemo- 


SO 
globin was found to be 70 per cent, giving a relative blood volume of =i x 


100 = 115 instead of : x 100 = 174, and an absolute volume of an x 115 

= 127 ce. instead of oll ce. Evidently, therefore, 190 —127 = 63 cc. or 79 
per cent of liquid injected had passed out of the vessels during the period 
of injection. 

Before injection of salt solution, Rabbit N had 520 mg. of NaCl per 100 
ee. of blood. If the absolute blood volume was 110 ec., as assumed above, 
the total chloride content of the blood would have been a X 520 = 572 
mg. of NaCl. The injected salt solution was exactly 0.9 per cent NaCl. 
Hence, 80 X 9.0 = 720 mg. of NaCl were injected. If the whole amount of 
injected salt had still been in the circulation at the end of the injection 
period, the total chloride content of the blood would have been 572 + 720 = 
1,292 mg. of NaCl. Immediately on completion of injection, however, 
the chloride content of the blood was 586 mg. of NaCl per 100 ec. The 
absolute blood volume, as determined above from the relative blood volume 
immediately after injection, was 127 ec. The total amount of chloride 


in circulation, then, was 586 X 100 = 744 mg. of NaCl instead of 1,292 mg. 


of NaCl. Evidently, therefore, 1,292 — 744 = 548 mg. of NaCl or 76 per 
cent of the chloride injected has passed out of the vessels during the period 
of injection. 


Similar calculations were made for the normal Rabbit P and for 
the two nephritie rabbits, Rabbits R and 8. The percentage of 
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injected fluid and also of injected NaCl which had passed out of 
the circulation at any given time is represented in Table VIII. 

There are several sources of error in these figures. TI irst there is 
room for considerable error in collecting the blood drop by drop 
from anear vein. The blood may flow freely and a 2 ce. sample be 
collected in a minute’s time. On the other hand, it may take 5 
minutes to collect a sample. The error from this variation would 
be most marked in the first three or four determinations after 
injection of the salt solution. After half an hour such variation 
is of minor importance. 


TABLE VIII. 
Percentage of Injected Liquid and Injected Sodiwn Chloride Which Has 
Passed out of the Circulation at Any Given Time Following the Injection. 


| Percentage of injected liquid lost. | Percentage of injected chloride lost. 
| ime after injection. “ime after injection. 

| Minutes, | Hours. Minutes. Hours. 
0) 5110/15/30) 1 | 2/3! 4 | 6) 0) 5|10/15)30) 1) 2 3) 415° 6 
Rabbit N..... 90/90\71) 
gee 34/44/68 71/79) 55/59 44 38/30 65; 
Average ...... 73)75 75) (59/51/51 
R..... 76/69.83) 48/2853 69\78! (60:49 


Secondly, the hemorrhage factor has not been considered. 20 
to 25 ec. of blood were withdrawn in the course of each experiment. 
However, this fact was the same in each experiment, so the results 
are comparable. 

Thirdly, one is not justified in drawing any definite conclusions 
from the results of so few experiments. As will be seen in compar- 
ing Rabbit N with Rabbit P, or Rabbit R with Rabbit 5, there is 
a large variation between animals of the same type of experiment. 

Recognizing the inaccuracy of these results it is nevertheless 
interesting to compare the averages of each type of experiment— 
the injection of salt solution into normal rabbits and into nephritic 
rabbits. There is a striking parallelism between the normal 
and nephritic rabbits, both in the passage of fluid and of chlorides 
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from the vessels into the tissues and from the tissues into the blood 
stream, and in the relation of NaCl to fluid. During the first half 
hour the greater part, 80 to 90 per cent, of the fluid injected and 
also of the NaCl injected passes out of the circulation. There is 
apparently no difference between normal and nephritic rabbits in 
this respect. After the first half hour, fluid and NaCl pass into 
the circulation, and the chloride content of the blood and relative 
blood volume are increased. This is probably due, in part at 
least, to the hemorrhage effect observed previously. It would also 
appear from these figures that chlorides pass less readily from the 
tissues into the blood stream than the fluid, and there is very little 
difference between normal and nephritic rabbits in this respect. 


DISCUSSION OF RESULTS. 


The results of these experiments show a rather close parallelism 
between the behavior of the injected NaCl and the injected fluid. 
That is, in normal rabbits the blood volume tends to return to 
normal in a relatively short time, about 30 minutes, after the 
injection of isotonic salt solution. The chloride content of the 
blood also tends to return to normal in the same short interval of 
time after the injection of sodium chloride in solution. In 
nephritic animals, on the other hand, there is a partial failure of the 
blood volume to return to normal and this also appears to be true 
of the chloride content of the blood. It would seem, therefore, 
that the barrier to the complete restoration of blood volume in 
nephritic animals also prevents the complete restoration of the 
chloride content of the blood. An alteration of the permeability 
of the blood vessel walls seems the only adequate explanation of 
the changed condition prevailing in rabbits rendered nephritic 
by sodium tartrate. It is therefore concluded that the condition 
of nephritis induced by sodium tartrate effects an alteration of the 
permeability of the walls of the capillaries of the general circula- 
tion in such a way as to hinder the passage of fluid and of NaCl 
from the blood to the tissues. 


CONCLUSIONS. 


In normal fasting rabbits, hemorrhage, as practised in the pres- 
ent experiments, may or may not significantly change the chloride 
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content of the blood. When there is a significant dilution of the 
blood as the result of hemorrhage, the chlorides are correspondingly 
increased. As arule there is a marked general parallelism between 
the relative blood volume and the chloride content of the blood. 

During fasting the chloride concentration of the blood remains 
practically constant or may be slightly increased when normal 
rabbits are bled daily, as practised in these experiments. The 
relative blood volume increases progressively under the same 
conditions, 

In severe nephritis produced by a sublethal dose of sodium 
tartrate there is a marked decrease in the chloride concentration 
of the blood and a corresponding increase in the relative blood 
volume. As there is an apparent change toward recovery the 
chloride concentration of the blood increases and tends to regain 
its normal level, whereas the relative blood volume remains 
more or less stationary. 

In fatal tartrate nephritis there is a more or iess rapid decrease 
in the chloride concentration of the blood and an increase in the 
relative blood volume. 

In normal fasting rabbits the intravenous injection of isotonic 
sodium chloride solution is followed by a rapid inerease in the 
chloride content of the blood and a corresponding increase in the 
relative blood volume. The chloride content of the blood tends to 
return to normal within a relatively short time—380 minutes. 
However, the normal level may not be maintained, probably be- 
cause of the fact that the hemorrhage effect observed previously 
now comes into play. The relative blood volume follows closely 
the changes in the chloride content of the blood. 

In nephritie rabbits the intravenous injection of isotonic sodium 
chloride solution is also followed by a rapid increase in the chloride 
content of the blood and a corresponding increase in relative 
blood volume, and the chloride content and relative blood volume 
tend to return to normal in a relatively short time. After an 
hour or more, however, the chlorides tend to leave the tissues and 
enter the blood stream less readily in nephritic rabbits than is 
true for normal animals. 
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THE INFLUENCE OF SUBCUTANEOUS INJECTIONS OF 
INDOLE AND SKATOLE UPON THE NITROGENOUS 
METABOLISM OF THE RABBIT. 


By FRANK P. UNDERHILL ann ROBERT KAPSINOW. 


(From the Department of Pharmacology and Toxicology, Yale University, 
New Haven.) 


(Received for publication, October 4, 1922.) 


Much interest is manifested in the possible detrimental effects 
of the products of intestinal putrefaction formed in such condi- 
tions as chronic constipation, intestinal obstruction, ete. The 
isolation and testing of the substances assumed to be responsible 
for many of the symptoms characteristic of these abnormal states 
have not been extensively undertaken for obvious reasons. AIl- 
though indole and skatole are at once called to mind when intes- 
tinal putrefaction is under consideration the agency of these sub- 
stances in the production of untoward symptoms has not been 
clearly demonstrated. It is true that Herter! has shown that 
indole produces depression of the circulation and respiration to- 
gether with clonic convulsions. In man symptoms of neurasthenia 
with fatigue, depression, and insomnia are prominent when an 
abnormally large amount of indole is absorbed either as such 
experimentally or as a result of increased intestinal putrefaction. 
Doses of 2 gm. of indole per kilo subcutaneously introduced into 
rabbits produce death in a relatively short period. 

The following investigation was planned to determine the in- 
fluence of subcutaneous injections of indole and skatole upon 
nitrogenous metabolism in the rabbit. 


Methods. 


Normal full grown rabbits were fasted 2 days previous to 
the injection of indole and skatole. Distilled water was allowed. 


' Herter, C. A., New York Med. J., 1898, Ixviii, 89. 
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Urine was collected in 24 hour periods. At the beginning of 
the 3rd day 30 mg. of indole per kilo were dissolved in 23 ce. 
of ether and injected subcutaneously. The same dosage and 
procedure were employed for skatole. Urinary analyses included 
total nitrogen, creatine, creatinine, total sulfates, and inorganic 
and ethereal sulfates by the usual Folin methods. Observations 
were continued for 2 days subsequent to irjection. As a solvent 
ether was employed instead of acetone, as used by Salant and 
Kleitman.? Acetone is very toxic, whereas ether may be given 
subcutaneously in doses up to 5 ec. without influence upon nitrog- 
enous metabolism. 


The Influence of Indole and Skatole upon Nitrogenous Metabolism. 


The experiments were divided into two groups: (a) controls; and 
(b) experiments testing the influence of indole and skatole. In 
Tables I and II are data derived from the control experiments. 

TABLE I. 
The Influence of Fasting upon Urinary Composition. 


Rabbit A 1. Control. Fasting. 


| | > = = ; 
| = 2 
= 4 = 
| = | o | oO 
ee. ee. gm, ma. mq mg my 

Aug. 21 | 400 | 330 11.005) Alkaline. 0.210) 50.4) 9.2) 44.1) — | 10.9 
“22 | 220 | 120 |1.007| Acid. 0.353) 48.8} 19.2) 96.0) — | 21.2 
23.| 90/1.012) “ 0.675) 52.9] 71.7; 20.0} — | 22.4 
24 100; 80 ‘1.010 0.725, 34.7; 89.9) 20.8; — | 38.8 


It may be stated that in order to save space only samples of the 
experiments are given; other protocols are omitted. However, 
all the data obtained are in agreement. In Tables III and IV 
results with indole may be found. In Tables V and VI the skatole 


experiments are detailed. 


2 Salant, W., and Kleitman, N., J. Pharmacol. and Exp. Therap., 1922, 
xix, 307. 
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Comparison of the data of the controls and of the experimental 
animals shows that indole and skatole are without influence upon 
nitrogenous metabolism when introduced subcutaneously in a 

TABLE Il. 
The Influence of Fasting upon Urinary Composition. 


Rabbit A 3. Control. Fasting. 


1221 ce. cc qm m7. mg. mg md. mg 
Sept. 11 | 300 | 330 | 1.010) Acid.| 0.588) 49.0 | 33.2 | 32.1 | 10.0 | 53.2 
12 2 250 | 1.012) 0.602) 72.5 |Lost.| 4.9 | 9.2 | 18.0 
13 | 250 220 | 1.008) “ 0.828) 71.5 | 43.2 | 50.2} 8.3 | 49.7 
” 14 | 296 | 340 | 1.008 “ 0.378) 69.4 | 22.0 | 57.5 | 8.1 | Lost. 


TABLE IIL. 
The Influence of Indole upon Urinary Composition. 


Rabbit A 4. Indole. Fasting. Weight 2,400 gm. 


> 
Date. = é 2 = Ss 
2 

1921 ce. ce. gm, | mg. | mg.| mg. | mq. mg. 

Sept. 19 50 | 52 |1.020) Acid. |0.510/66.9/10.9)13.7| 9.0) Lost. 0 
45 | 40 |1.030' “ 59.6 0 
60 | 20 |1.032; “ 9.8) 58.6 0 
20 | 26 11.031; “ 0.750/65.3)14. 1136.7) 8.9) 44.9 |+++ 


*Injected. Dose 15mg. per kilo. Total dosage, 36 mg. in 2 cc. of ether. 


single dose. Indole appears to increase somewhat the excretion 
of ethereal sulfates which, however, was not true for skatole. In 
other respects the urinary composition as tested varied within the 
limits set by the controls. The introduction of these substances 
in the doses given failed to call forth any noteworthy symptoms. 
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TABLE IV. 
The Influence of Indole upon Urinary Composition. 


Rabbit A 4. Indole. Fasting. Weight 2,300 gm. 


1921 cc ce. gm. mg. | mg. | mg. | mg. | mg. ; 
Sept. 26 205 | 84 11.010) Acid. 0.420)68.7) 3.5)11.2) 7.3/25.2 0 
50 | 34 |1.020) “ 0.568/61.6) 7.4) 9.8) 8.1/28.0 + 
65 | 64 /1.010) “ 0.798'65.510.5) 
> 90 | 78 |1.010; 0.840 64.113.0) 7.0) 6.2)25.2 + 


5 
to 
° 


* Injected. Dose, 30 mg. per kilo. Total dosage, 69 mg. i 


of ether. 
TABLE YV. 


The Influence of Skatole upon Urinary Composition. 


Rabbit B 2.° Skatole. Fasting. Weight 2,070 gm. 


é A fe 

1921 ce ce. gm mg. mg. mg. mg. mg. 
Nov. 9 | 220 | 180 |1.006) Acid.|0.660} 87.0) 39.4) 7.0} 12.0) 29.8) 0O 
“ 10* | 340 | 260 |1.008) “ {0.882} 79.8) 55.2) 31.6) 12.3) 68.6) 
100 | 80 /1.020) (0.975) 85.2) 37.2) 47.6) 16.8) 81.0; 
150 | 50 “ (0.975) 46.8) 88.2) 55.5} 10.4) 84.0; 


* Injected. Dose, 30mg. per kilo. Total dosage, 62 mg. in 3 cc. of ether. 
TABLE VI. 


The Influence of Skatole upon Urinary Composition. 


Rabbit B 3. Skatole. Fasting. Weight 2,070 gm. 


> 3 = Ss = 
~ Z. = = = 

1921 ce. ce gm. mg. mq. mg. mq. mg. 
Nov. 15 | 220 | 110 |1.014) Acid.j1.170)108.0; 11.1)112.0) Lost. |113.0; 0 
“ 16*, 140 | 100 |1.018) “ (0.950)101.2) 23.6) 84.0) 10.2 |139.0) 
7 i ts 70 |1.020| (0.870) 98.7) 48.7) 77.0) 9.4 | 73.0; 
“ 18} 100 | 86 /1.014) “ (0.945) 95.3) 17.2) 86.0; 9.2 | 97.0! 0 


* Injected. Dose, 30mg. perkilo. Total dosage, 62 mg. in 3 cc. of ether. 
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THE PREPARATION OF NUCLEIC ACID FROM THE 
NUCLEOPROTEIN OF TUBERCLE BACILLI 
(TUBERCULINIC ACID).* 


By TREAT B. JOHNSON anp ELMER B. BROWN. 
(From the Department of Chemistry, Yale University, New Haven.) 


(Received for publication, October 13, 1922.) 


While it has been known for a long time that nucleoprotein 
constitutes a considerable part of the cell of tubercle bacillus it 
was not until 1898 that an attempt was made to separate a nucleic 
acid from this organism. This was undertaken by Ruppel,' 
who subjected large quantities of crushed bacilli to aqueous ex- 
traction and treatment with acetic acid and, succeeded in precipita- 
ting from the acid solution with hydrochloric acid and alcohol a 
product containing 9.42 per cent of phosphorus and possessing 
all the properties of a nucleic acid. Ruppel named this character- 
istic product ‘‘Tuberculinséiure’’, and described it as a substance 
possessing poisonous and immunizing properties, but beyond its 
similarity in properties to other nucleic acids and its high phos- 
phorus content no further proof was given by him to establish 
its identity. 

Ruppel’s investigation was followed by the work of Levene?:? 
who succeeded in extracting from defatted and crushed tubercle 
bacilli with 5 per cent aqueous sodium chloride or 8 per cent am- 
monium chloride a small amount of phosphorus containing ma- 
terial possessing the properties of a nucleic acid. This product 
was never obtained, however, in pure condition, but that he was 
dealing with a nucleic acid was proved by the fact that it contained 


* This paper is constructed from a dissertation which was presented by 
Elmer B. Brown in June, 1922, to the Faculty of the Yale Graduate School 
in candidacy for the degree of Doctor of Philosophy. 

1 Ruppel, W.G., Z. physiol. Chem., 1898-99, xxvi, 218. 

* Levene, P. A., J. Med. Research, 1901, vi, 135. 

3 Levene, P. A., J. Med. Research, 1904, xii, 251. 
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phosphorus and gave on hydrolysis the two characteristie purines 
—guanine and adenine. Levene not only isolated free nucleic 
acid from tubercle bacilli by extraction with the above inorganic 
salt solutions, but he also subjected his bacilli residues to hydroly- 
sis with 5 per cent sodium hydroxide solution and succeeded in 
this manner in freeing combined nucleie acid from the nucleo- 
protein constituents of the cell. This acid was separated, and 
subjected to acid hydrolysis when the two purines, guanine and 
adenine, were obtained. Levene was unable to establish from 
the results of his analyses that this acid from tubercle bacillus is 
identical with veast or thymus nucleic acid. 

Besides these two investigators no one has sueceeded apparently 
in isolating any product from tubercle bacillus exhibiting the 
characteristic properties of a nucleic acid with the exception of 
the Japanese investigator Kitajima.* He succeeded in separating 
from this organism by an extraction process a poisonous constituent 
to which he gave the name ‘“Tuberkelothymine Siiure.’”? While 
the composition of this acid was not determined, Kitajima states 
in his paper that the substance behaved in every way like thymus 
nucleic acid and yielded thymine or a similar body on hydrolysis. 

In all the records of these researches no data are given indicat- 
ing the yield of nucleic acid obtained from tubercle bacillus. 
Several investigators in this field have used the phosphorus con- 
tent as an indirect measure of nucleic acid and calculated the 
amount of acid and nucleoprotein present on that basis, but it is 
now known that such calculations are inaccurate as the tubercle 
bacilli contain a large proportion of their phosphorus in other 
forms of organic combinations as phosphatides, lecithin, ete. 
The nitrogen hydrolytic products of nucleic acid such as the 
purines and pyrimidines are characteristic of these biochemical 
substances, and Long? has recently determined from the quantity 
of purines found after hydrolysis that the real nucleic acid con- 
tent of defatted bacillus is between 2.0 and 3.5 per cent of the 
weight of this organism. The accuracy of this figure depends, of 
course, upon efficient removal of foreign material and thorough 
drying of the bacilli. The results obtained by Long, though 
lower than expected, represent very probably the best estimate 


4 Kitajima, T., Witt. Med. Ges. Tolsio, 1902, xvi, 17. 
‘> Long, E. R., Am. Rev. Tuberc., 1920-21, iv, 842. 
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of the actual nucleic acid content of tubercle bacillus which has 
thus far been made. A quantitative determination of the pyri- 
midine content of tubercle bacillus, which is equally characteristic 
of nucleic acids, has never been made. 

The nucleic acid of tubercle bacillus was of interest to the writers 
not because of the supposed poisonous or immunizing properties 
ascribed to it by earlier investigators, but from the more funda- 
mental standpoint of classification of the tubercle bacilli. The 
experimental evidence, thus far presented, indicates that the 
nucleic acids of plant and animal erigin are quite different in 
chemical constitution, but so far as the writers are aware, no one 
has completely analyzed the nucleie acid of tubercle bacillus to 
ascertain the group to which this organism is to be assigned. 
Fortunately a sufficient quantity of this organism to undertake 
the first stages of such an investigation was placed at our disposal 
this past year, and in this paper we desire to render a preliminary 
and condensed report of certain results of our research. We will 
now present not only several new facts of interest bearing on the 
question of composition of tubercle bacilli, but also describe a 
method of operating whereby the nucleic acid of this unicellular 
organism can be obtained for experimental work without great 
dificulty.® 


EXPERIMENTAL PART. 
Supply of Tubercle Bacilli. 


The tubercle bacilli which were furnished for our research 
through the courtesy of Parke, Davis and Co. consisted of human 


6 Our research on tubercle bacilli was supported in part this past year 
by a special grant from the National Tuberculosis Association and this 
paper may be considered as a partial report of the progress of our work. 
The investigation will be continued this coming year by Dr. Brown in the 
Sterling Chemistry Laboratory, and the writers take this opportunity to 
thank the National Tuberculosis Association for its help and for the further 
privilege of utilizing the resources of its Research Fellowship for another 
year. The large amount of tubercle bacilli used in our research was fur- 
nished by the Mulford Co. and Parke, Davis and Co. ‘The writers desire 
to express their thanks for the assistance given by these companies, and 
also to express their indebtedness to Dr. FE. R. Long of Chicago Uni- 
versity, and to Dr. M. Dorset of Washington, D. C., for supplying them 
with small quantities of defatted and dried tubercle bacilli. 
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bacilli and were received by us in the form of a heavy, light grey, 
granular powder resembling sand. The tubercle bacilli furnished 
by the Mulford Co. were a mixture of human and bovine bacilli 
and somewhat less granular than the Parke, Davis and Co. prod- 
uct, and much darker in color. The material supplied by both 
concerns had been well dried before shipment to our laboratory, 
the Parke, Davis and Co. and the Mulford Co. products losing 
only 1 and 1.5 per cent of water, respectively, after thorough 
grinding and drying zn vacuo over concentrated sulfuric acid. 
After this treatment neither product lost further weight by heat- 
ing to 110°C. at ordinary pressure or at 55°C. in a partial vacuum. 
The amount of tubercle bacilli furnished was 363 gm. of the human 
bacilli and 443 gm. of the mixed human-bovine bacilli or a total 
of 806 gm. 


Fat Content of Tubercle Bacitlli. 


The solvent which we found most practical for the extraction 
of fat in our tubercle bacilli was anhydrous toluene, and it was 
our experience that the operation could be carried out efficiently 
and rapidly in large units by operating in an ordinary flask and 
decanting the toluene extract after digestion to dissolve fat. 
To avoid loss of bacilli by decantation of toluene the flask was 
connected to a reflux condenser and the toluene drawn off through 
a syphon tube after thorough settling. The extraction was 
hastened by heating with toluene at 90—-100°C. for 7 to 8 hours 
and the solution then decanted after cooling. After repetition of 
this procedure five to six times with liberal quantities of toluene 
the extraction of fat was practically complete and the bacilli 
could be drained on a Buchner funnel with ease and then dried 
to constant weight by heating at 80°C. in a partial vacuum. 
From 361 gm. of Parke, Davis and Co. bacilli we obtained 236.3 
gm. of defatted material, showing a loss in weight of 124.7 gm. 
(34.55 per cent). 425 gm. of the Mulford Co. bacilli were 
subjected to a similar extraction process in which we used 7 liters 
of anhydrous toluene. Here the loss in weight was actually 43.53 
per cent; the defatted bacilli weighing 240 gm. after drying in a 
vacuum at 80°C. It is possible that some colloidal material 
besides fat was removed by the toluene, but nothing could be 
separated by filtering or centrifuging the toluene solution. These 
toluene extracts have been set aside for further research. 
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Analysis of Tubercle Bacilli for Inorganic Constituents. 


The analytical values for ash are somewhat higher than those 
reported by De Schweinitz and Dorset,’ and also by the Royal 
Commission,® but lower than the values published by Levene.? 
Goris’ reports an ash content of 2.5 per cent in dried bacilli. 
Mention should also be made here of the fact that the ash of the 
original Mulford Co. bacilli gave on analysis a SO, content of 
10.41 per cent, and also contained SiO, to the extent of 4.2 per 
cent. Since we did not observe the presence of silica in the Parke, 
Davis and Co. bacilli, we infer that this probably is an impurity 
in the Mulford Co. product and is not a constituent of normal 
tubercle bacilli. In general, the analytical values for inorganic 


TABLE I. 
P2Os in | P2Osin CaO in CaO in! MgO in MgO in 
Ash. |" ash. | bacilli. ash. (bacilli. ash. , bacilli. 


per cent| per cent) per cent per cent per cent! per cent per cent 
Parke, Davis and Co. origi- 
4.19 | 47.88; 2.01 
Parke, Davis and Co. bacilli 
after toluene extraction. .| 5.44 | 46.12) 2.49. | 
Mulford Co. original bacilli. 5.78 | 39.66) 2.29 7.16 0.41 


} 


8.52 | 0.47 


Mulford Co. bacilli .after ! | 
toluene extraction....... 9.41 | 17.60, 1.65 1.16. 


constituents agree quite well with those obtained by previous 
investigators, and the results tend to confirm the conclusions 
already made that no definite distinction between viruses of dif- 
ferent origin can be established by these analytical values. The 
composition of the ash of tubercle bacilli is dependent apparently 
upon the conditions influencing the organisms during their growth. 


Inorganic Constituents Extracted by Toluene. 


The toluene was removed from the fat by heating the extrac- 
tion solution in an oil bath at 125°C. when a viscous residue was 


7 De Schweinitz, E. A., and Dorset, M., J. Am. Chem. Soc., 1895, xvii, 
605; 1903, xxv, 358. 

§ Final report of the Royal Commission for Tuberculosis, 1913, x1, 30. 

® Goris, A., and Liot, A., Ann. Inst. Pasteur, 1920, xxxiv, 497. 
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obtained which partially solidified on cooling. This product, 
representing 124.7 gm. of extracted material, dissolved completely 
in 1,200 ec. of chloroform. An aliquot part of the latter solution 
(20 ec.), when evaporated and heated at 80°C. ina vacuum, vielded 
1.9853 gm. of a dark-colored viscous product resembling crude 
molten rubber, which gave after incineration 0.0443 @m. of ash 
corresponding to 2.23 per cent of the weight of material destroyed. 
87.46 per cent of this ash was composed of the following inorganic 
oxides: PoOs, 54.58 per eent; CaO, 24.28 per cent; MgO, 8.70 
per cent, leaving 12.54 per cent to be accounted for in the form 
of sodium and potassium salts, which have been shown to be 
normal constituents of tubercle bacilli. Earlier investigators, 
who have studied the fat extracts of tubercle bacilli, have paid 
little attention to the presence of inorganic elements with the 
exception of phosphorus and nitrogen. 

Goris,® for example, extracted the bacilli with acetone and 
examined the ash after evaporation and incineration, but claimed 
that if was composed chiefly of phosphorus. The fact that cal- 
cium and magnesium together with phosphorus are carried into 
solution with fat in such large quantities is a fact of considerable 
interest. Whether the alkali earths are present here in the form 
of salts of organic acids, or result from incineration of nucleopro- 
tein of tubercle bacilli soluble in toluene or*carried in colloidal 
suspension remains to be decided by further research. 


Extraction of Defatted Tubercle Bacilli with 95 Per Cent Alcohol. 


‘lo determine if alcohol-soluble material is present in tubercle 
bacilli after removal of fat with toluene 61 gm. of extracted Parke, 
Davis and Co. bacilli were digested with 300 ce. of hot 95 per cent 
alcohol for 3 hours. This operation was repeated three times 
when we obtained a deep red solution. After filtering and drying 
the residue at 80°C. in a partial vacuum we recovered 56 gm. of 
bacilli showing a loss of 8.2 per cent. This residue vielded a 
colorless, odorless powder when pulverized and on analysis for 
inorganic constituents gave the following values: N, 9.61 per cent; 
ash, 5.31 per cent; P.O; in ash, 41.7 per cent, CaO in ash, 1.6 per 
eent; MgO in ash, 7.57 per cent. 

In other words, inorganic material is dissolved by extraction 
with alcohol and the amount of P2O; extracted equals about 83.75 
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per cent of the weight of ash removed or 5.8 per cent of the total 
loss in weight. This large loss in phosphorus by solution in 
alcohol indicates removal from the tubercle bacilli of products of 
the nature of phosphatides. This alcohol extract deposited a 
white flocculent precipitate on cooling, and a similar precipitation 
was produced by diluting the aleohol with water. It will be of 
interest to learn whether aleohol-soluble proteins are extracted 
from tubercle bacilli by this treatment and just as soon as suffi- 
cient tubercle bacilli are available for research we shall investi- 
gate this problem. 


Separation of Tuberculinie Acid, 


The material used for the preparation of nucleic acid (tubercu- 
linie acid) was the dried tubercle bacilli left after extraction with 
toluene as deseribed above. The hydrolysis of the nucleoprotein 
was effected by treatment of the dried bacilli with 3 per cent 
aqueous sodium hydroxide for 1 hour. Several preliminary 
experiments showed that one treatment with this alkali solution 
was not sufficient to remove all the nucleic acid, and we found it 
advisable and practical to apply a second alkali treatment with 
5 per cent sodium hydroxide solution. Our tests indicated that 
this removed completely the nucleic acid. Lack of time and the 
small amount of tubercle bacilli available prevented us from 
studying the conditions influencing hydrolysis as carefully as 
we desired, but from the results which we were fortunate in 
obtaining it can be said that the yield of nucleic acid obtained by 
us was about 1 per cent of the weight of the original tubercle 
bacilli. This probably does not represent the total amount of 
nucleic acid present, and if more is contained in the bacilli it is 
either destroyed by the treatment with alkali, or remains in the 
filtrate after precipitation with alcohol. In support of this con- 
clusion is our observation that the residue left after alkali hydroly- 
sis gave none of the specific tests for pyrimidines. The nucleic 
acid (tuberculinie acid) was obtained in the form of a light grey 
powder. It was not subjected to further purification before a 
hydrolysis for the separation and identification of pyrimidines. 
Just as soon as it is possible to obtain more of this acid it. 
will be carefully purified and submitted to a complete analysis. 
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Our method of operating for the preparation of this nucleic acid 
is revealed by the description of a single hydrolysis experiment: 

100 gm. of dry, defatted tubercle bacilli are thoroughly trit- 
urated in a large mortar with 1,600 ec. of water. <A solution of 
sodium hydroxide containing 60 gm. of NaOH in 400 ec. of water 
is then added and the bacilli are thoroughly ground in suspension 
for lhour. This grinding is absolutely essential in order to break 
up the cells and get good penetration of the alkali into the cellular 
structure. After 1 hour the solution is made distinctly acid with 
acetic acid, care being taken to stir continuously and vigorously 
during addition; at the same time keeping the temperature of the 
solution below 20°C. After acidifying, the mixture is then allowed 
to stand, generally over night, and finally filtered and the residue 
washed carefully with water containing about 2 per cent of acetic 
acid. This acid filtrate is saved, as deseribed below. 

The residue of bacilli is given a second treatment with 5 per 
cent sodium hydroxide solution using exactly 1,000 ec. and apply- 
ing the trituration treatment at ordinary temperature for 2 hours. 
Acetie acid ts then added as before and the filtrate saved. From 
the 100 gm. of dried bacilli we recovered 84 gm. of insoluble 
material, indicating that 16 per cent of the original bacilli was 
extracted by the alkali. This residue contained 1.19 per cent 
of P.O; while the original nucleoprotein used for hydrolysis con- 
tained 2.19 per cent of P.O;. Therefore, only 45.66 per cent of 
the phosphorus was removed by alkali. Since this residue failed 
in every one of our hydrolysis experiments to give positive tests 
for pyrimidines, we concluded that the extraction of nucleic 
acid was complete, and that the phosphorus present in the residue 
(54.34 per cent) is held in the form of other combinations beside 


nucleic acid. 


Precipitation of Tuberculinic Acid. 


The acetic acid filtrate obtained from the hydrolysis of the 
nucleoprotein with 3 per cent alkali is diluted with concentrated 
hydrochloric acid until a slight permanent precipitate is produced, 
when an equal volume of 95 per cent alcohol is then stirred into 
the solution. Care should be taken to keep the mixture cold 
during this operation. The solution is then allowed to stand for 
several hours when the nucleic acid deposits as a layer or amor- 
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phous precipitate on the bottom of the precipitating Jar. The 
clear supernatant liquid is easily removed by decantation and the 
nucleic acid then separated by centrifuging. This is triturated 
with 50 per cent alcohol and the separation made again by means 
of the centrifuge. After repeating this operation three times 
using 80 per cent, 95 per cent, and anhydrous alcohol, respectively, 
a product was obtained which was considered of sufficient purity 
for hydrolysis. The acid was washed with ether and _ finally 
dried in a vacuum over concentrated sulfurie acid. The filtrate 
obtained after the second alkali treatment with 5 per cent alkali 
was worked up in a similar manner for nucleic acid, but the vield 
from this fraction was very small in every case. By application 
of the above procedure to 436 gm. of fat-free and dried tubercle 
bacilli we sueceeded in isolating 7.7 gm. of tuberculinic acid. 
This product failed to respond to the biuret test for proteins and 
gave all the reactions and tests which are characteristic of nucleic 


acids. 


Nitrogen Distribution in the Protein of Tubercle Bacilli after 
Removal of Nucleic Acid. 


Analysis was made according to the method of Van Slyke. 


gm. per cent 
Humin 0.02316 4.11 
Monoamino 0.26710 47.39 
Total nitrogen accounted for....... 0.56206 99.73 


SUMMARY. 


1. Tubercle bacilli (human and bovine) have been carefully 
extracted with toluene to remove fat and the cellular structure 
subjected to hydrolysis at ordinary temperature with 3 per cent 
sodium hydroxide to separate the nucleic acid. 
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2. The nucleie acid of tubercle bacilli has been precipitated by 
means of aleohol and 7.7 gm. obtained which failed to respond to 
the biuret test for proteins. 

3. This specific nucleic acid has been given the name, tuberculinic 
acid, 

4. The protein residue left behind after removal of tuberculinic 
acid has been analyzed according to the method of Van Slyke 
and its total nitrogen accounted for. 
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THE PYRIMIDINES CONTAINED IN TUBERCULINIC ACID. 
THE NUCLEIC ACID OF TUBERCLE BACILLI.* 


Ry TREAT B. JOHNSON ano ELMER B. BROWN. 


(From the Department of Chemistry, Yale University, New Haven.) 
(Received for publication, October 13, 1922.) 


A careful review of the literature of tuberculosis and especially 
that dealing with the chemistry of tubercle bacilli has revealed 
the fact that we have not at present an accurate knowledge of the 
constitution of the pyrimidines which function in the molecular 
structure of the nucleic acid of tubercle bacilli. Our knowledge 
of the nature of the sugar content of this organism is likewise 
equally scanty, while in the case of the purines it has been definitely 
established that the normal constituents of nucleic acids, guanine 
and adenine, are present. 

Levene,! while working with detatted tuberele bacilli, attempted 
to isolate the pyrimidines contained in that organism, but the 
products which he obtained after hydrolysis were so impure that 
it was impossible for him to decide conclusively as to their exact 
constitution. He separated from his pyrimidine fractions a 
nitrogenous substance which gave analytical values for nitrogen 
intermediate between the theoretical values for thymine and uracil, 
and he concluded that he was dealing with a mixture of these two 
compounds. Levene also examined his solution for bases, but 
was unable to draw any definite conclusion as to the occurrence 
of cytosine. This investigator, as well as all others who have 
worked in this field, was greatly handicapped in his research by 
not having at his service the characteristic color tests, which have 
since been developed for the detection and identification of uracil 
I, thymine II, and cytosine III. 


* This paper is constructed from a dissertation which was presented by 
Elmer B. Brown in June, 1922, to the Faculty of the Yale Graduate School 
in candidacy for the degree of Doctor of Philosophy. 

1 Levene, P. A., J. Wed. Research, 1904, xii, 251. 
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NH—OO CNH, 
co CH Go CCH; co 
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NH——CH NH—CH NH——CH 
I II III 


Other investigators have reported the presence of thymine 
among the decomposition products of tubercle bacilli, but a care- 
ful review of the reports of their researches will reveal the fact that 
their conclusions are not supported by reliable experimental data. 
Tor example, Kitajima,? who separated the nucleic acid called 
“Tuberkelothymine Saure,”’ states that it contained the pyrimi- 
dine, thymine, or a similar substance, but since uracil possesses 
many properties in common with thymine it cannot be concluded 
from his experimental evidence which one of these two pyrimidines 
he was actually dealing with. 

In our preceding paper,’ we have given a description of our 
method of separating tuberculinic acid from tubercle bacilli, 
and by the application of which we succeeded in obtaining from a 
mixture of human and bovine tubercle bacilli 7.7 gm. of this acid 
for further investigation. 0.7 gm. of this product was utilized 
in making certain tests to assure ourselves that we actually had 
in hand a nucleic acid. The remainder (7 gm.) was subjected to 
hydrolysis and a complete analysis made for pyrimidines. We 
now find, after a careful examination of the products of hydrolysis, 
that this nucleic acid (tuberculinic acid) is characterized by the 
fact that it contains no uracil. The only pyrimidines in the acid, 
for which we were able to obtain positive tests and succeeded in 
isolating, were thymine and cytosine. Both of these two pyrimi- 
dines were obtained in sufficient quantities for complete purifica- 
tion and analysis. From the new data which we have succeeded 
in obtaining we may conclude, therefore, that twberculinic acid 
is a nucleic acid of animal origin, thereby establishing the natural 
group to which the unicellular organism tubercle bacillus is to be 
assigned. 

In the experimental part of this paper is given a complete de- 
scription of our method of separating the pyrimidines, thymine 
and cytosine, from tuberculinic acid, and of establishing their 


2 Kitajima, T., Witt. Med. Ges. Tokio, 1902, xvi, 17. 
3 Johnson, T. B., and Brown, E. B., J. Biol. Chem., 1922, liv, 721. 
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identity by characteristic color tests. The study of tuberculinic 
acid will be continued in the Sterling Chemistry Laboratory. 


EXPERIMENTAL PART. 
Hydrolysis of Tuberculinic Acid with Sulfuric Acid. 


7 gm. of tuberculinic acid from tubercle bacilli were dissolved 
in a mixture of 42 ec. of water and 14 ce. of concentrated sulfuric 
acid. The solution was then heated in an oil bath at 125°C. 
for 25 hours. This operation was conducted in a round bottom 
Pyrex flask which was connected to a reflux condenser. After 
the hydrolysis was completed (25 hours) 500 ec. of water were 
added and also finely pulverized barium hydroxide until the re- 
sulting solution became distinctly alkaline towards litmus. The 
solution was then filtered and the precipitate washed thoroughly 
with hot water. The combined filtrates and washings were then 
concentrated under diminished pressure to a volume of exactly 
250 ce., and this finally made distinctly acid with sulfuric acid 
and then filtered to remove barium sulfate and probably some 
guanine sulfate. 

A saturated solution of silver sulfate (5 gm.) was then added to 
this sulfuric acid solution, when a voluminous, chocolate-colored 
precipitate was obtained. This was filtered off and finally thrown 
away after it was shown by tests that it contained no pyrimidines. 
To the clear filtrate barium hydroxide was added until the solu- 
tion remained distinctly alkaline, when a voluminous white precipi- 
tate of silver salts was obtained. After thorough cooling of the 
solution this salt was separated with the centrifuge, washed again 
with water, and finally separated again with the centrifuge. 

This silver salt was then triturated with 400 ce. of water, acidi- 
fied with 5 ec. of concentrated sulfuric acid, and the silver removed 
as sulfide by thorough saturation with hydrogen sulfide. This 
operation required that the mixture be stirred vigorously during 
the treatment with hydrogen sulfide in order to break up all lumps 
of silver salt suspended in the solution. The silver sulfide was 
removed by filtration and the precipitate given a second treat- 
ment in dilute sulfuric acid solution with hydrogen sulfide at 40°, 
when the decomposition of silver salts of pyrimidines was considered 
complete. The combined filtrates from this process were then 
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carefully freed from suluric acid and barium and finally concen- 
trated on a steam bath to a volume of 300 ce. This solution was 
practically colorless, and when Wheeler and Johnson’s* color test 
for uracil and cytosine was applied to an aliquot part of 5 ec. a 
strong positive test for these pyrimidines was obtained. 


Precipitation of Cytosine as Phosphotungstale. 


The above solution containing pyrimidines was first coneen- 
trated to a volume of 150 ee. and then acidified with 1 ec. of con- 
eentrated sulfurie acid. Phosphotungstie acid solution was then 
added drop by drop as long as an immediate precipitate was pro- 
duced. We were very careful to avoid adding a large excess of 
this reagent. A copious white precipitate was produced, and 
after filtering, it was washed with a small volume of cold water. 
The filtrate which contained thymine was saved, as deseribed 
below. 

The cytosine was liberated from the phosphotungstic acid pre- 
cipitate by suspending the latter in 400 ec. of water and finally 
decomposing it with an excess of barium hydroxide. This opera- 
tion is facilitated by stirring and this was continued for about 3 
hours to break up thoroughly all lumps of salt. The precipitate 
was then filtered off and the excess of barium removed by saturat- 
ing the solution with carbon dioxide. When the clear filtrate was 
concentrated to a very small volume and cooled, cytosine sepa- 
rated in the form of large plates. The pyrimidine was filtered off, 
washed with aleohol and ether, and finally dried in a vacuum over 
sulfuric acid. The yield was 0.1035 gm. This base gave the 
characteristic color test of Wheeler and Johnson,* and an analysis | 
for water was in agreement with the required value for this base. 


Water determination. 0.1033 gm. of base lost at 110°C. 0.0147 gm. of 
water. 
Caleulated. 14.07. 
Found. 422. 
Since this is the first cytosine to be separated from the nucleic 
acid of tuberele bacilli the specimen has been preserved for future 


reference, 


4Wheeler, H. L., and Johnson, T. B., J. Biol. Chem., 1907, 111, 183. 
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Separation and Identification of Thymine. 


The filtrate left after precipitation of eytosine with phosphotung- 
stic acid was freed from this reagent by precipitation with barium 
hydroxide, the excess of barium removed in the usual manner by 
saturating the fluid with carbon dioxide and the solution then 
concentrated to a volume of 5 to 10 ee. and allowed to cool. 
Thymine separated in the form of clusters of foliated crystals, 
possessing a mother of pearl luster. They were separated, washed 
with aleohol and ether, and then dried in a vacuum over concen- 
trated sulfuric acid. The yield was 0.0756 gm. 

Nitrogen determination (Kjeldahl). 


C;H,O2N2. Caleulated. N 22.22. 
Found. 


A portion of this thymine and an aliquot part of the filtrate from 
which it crystallized were tested for uracil and cytosine by applica- 
tion of Wheeler and Johnson’s bromine reaction.* In neither 
case did we obtain the characteristic color test for these pyrimi- 
dines, thus proving that neither of them were present here as 
impurities. 


Identification of Thymine by Means of Johnson and Baudisch’s 
Color Reaction. 


Johnson and Baudisch® have recently shown that the thymine 
molecule can be destroyed by oxidation with air in the presence of 
ferrous sulfate and acid sodium carbonate with cleavage of the 
ring and formation of pyruvie acid, acetole, urea, and formic 
acid. The urea is easily identified by precipitation with xanthy- 
drol® and the acetole is detected by the characteristic color reac- 
tions which are developed when this compound is allowed to iIn- 
teract in alkali solution with o-aminobenzaldehyde. This leads 
to the formation of 3-oxyquinaldine which is characterized by 
its brilliant blue fluorescence in alkaline solution. These reactions 
are extremely sensitive and serve for the detection of thymine 
when present in very minute quantities. For example, 0.004 


> Johnson, T. B., and Baudisch, O., J. Am. Chem. Soc., 1921, xlin, 2670. 
6 Fosse, R., Compt. rend. Acad., 1907, exlv, 8138; Ann. Inst. Pasteur, 
1916, xxx, 525, 673. 
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gm. of our thymine obtained from tubercle bacilli was oxidized 
according to the directions of Johnson and Baudisch,® and the 
distillate tested according to the procedure outlined in their 
original paper. The characteristic blue fluorescence of 3-oxyquinal- 
dine was easily recognized, and was greatly intensified when viewed 
by the light of an iron arc. The residue left after distilling to 
remove acetole was dissolved in 50 per cent acetic acid and the 
urea precipitated with xanthydrol when 0.0075 gm. of the dixan- 
thyl-urea was obtained melting at 257°C. The result shows that 
52 per cent of the total urea theoretically possible of formation by 
destruction of the thymine used was obtained in the form of the 
xanthydrol derivative. 

It is a fact of considerable interest to the writers that no 
uracil was produced during the digestion of tuberculinice acid with 
sulfuric acid as a result of the hydrolysis of cytosine. Apparently 
this base is perfectly stable under the conditions employed in 
our work, and the result obtained leads the writers to believe that 
wrong conclusions may have been made in the past regarding the 
origin of this pyrimidine in several of the products examined. It 
would be a fact of considerable interest from a chemical stand- 
point: if it should be established that cytosine, when linked in the 
nucleic acid molecule, is more resistant to the action of mineral 
acids than when in the free condition as a base. 


Examination of the Nucleoprotein of Tubercle Bacilli for Pyrimidines 
after Hydrolysis and Separation of Nucleie Acid. 


30 gm. of the nucleoprotein,® which had been analyzed according 
to the method of Van Slyke, were subjected to an intensive 
hydrolysis with 33 per cent sulfuric acid by digesting for 30 hours 
at 130°C. The solution was then diluted to 800 cc. with water, 
filtered, and the sulfuric acid removed by precipitation as barium 
sulfate. The excess of barium was then precipitated as carbonate 
and the filtrate concentrated by heating in a vacuum to a volume 
of 150 ce. This solution was then acidified with nitric acid and 
5 gm. of silver nitrate were dissolved in it. A precipitate was 
formed here which was discarded, as silver salts of the pyrimidine 
are not precipitated in nitric acid solution. The usual procedure 
was then applied for precipitating the pyrimidine as silver salts 
in alkaline solution and the resulting silver precipitate separated 
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and examined for pyrimidines. It was first treated with dilute 
hydrochloric acid to remove silver as silver chloride, and the fil- 
trate then concentrated to a volume of 10 ce. One-half of this 
solution was concentrated still further and then tested for uracil 
and cytosine according to the method of Wheeler and Johnson.‘ 
We obtained no indications of the formation of a purple color 
proving the absence of uracil and cytosine. The remaining 5 cc. 
of solution were treated according to the directions of Johnson 
and Baudisch® to test for thymine when a negative result was 
also obtained. In other words, this product (nucleoprotein) 
was entirely free from nucleic acid. 


SUMMARY. 


1. Tuberculinie acid, the nucleic acid of tubercle bacilli, has 
been submitted to acid hydrolysis by digestion with sulfuric 
acid and an analysis made for pyrimidines. Cytosine and thy- 
mine have been separated and identified. 

2. Uracil was not found in the molecule of tuberculinic acid. 
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QUANTITATIVE ASPECTS OF THE ROLE OF VITAMINE B 
IN NUTRITION.* 


By THOMAS B. OSBORNE anp LAFAYETTE B. MENDEL. 


WITH THE COOPERATION OF HELEN C. CANNON. 


(From the Laboratory of the Connecticut Agricultural Experiment Slation 
and the Sheffield Laboratory of Physiological Chemistry, Yale 
University, New Haven.) 


(Reeeived for publication, October 20, 1922.) 


Students of the vitamine problem seem at present to be in 
accord in the belief that the now recognized food accessories are 
not synthesized de novo by the higher animals but are derived 
from their food supply. Furthermore, the comparatively rapid 
onset of symptoms of disorder following the lack of vitamine B 
in the diet leads to the conclusion that normal animals do not 
possess any large available reserve of this food factor. It is of 
obvious importance therefore to secure a quantitative estimate of 
the actual amounts of the different vitamines requisite for the 
proper physiologic function of the various animal organisms at 
all stages of their existence and under the different conditions 
represented by unlike age, sex, activity, diet, planes of metabolism, 
or other possible modifying circumstances. 

So long as the vitamines remain unidentified as chemical 
individuals their function can only be measured in terms of the 
naturally occurring products or their derivatives which contain the 
unidentified essentials. J°urthermore, it is clearly established that 
the vitamine potency of such products varies in different specimens 
of the same material and may be influenced by the mode of pro- 
duction and similar biological factors. These inevitable facts have 
made it difficult to secure satisfactory bases for comparisons 
involving vitamine dosage or potency. 

* The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Washing- 
ton, D.C, 
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There is no longer any question regarding the indispensability 
of vitamine B for the adequate nutrition of a considerable number 
of species of laboratory animals, particularly during the period of 
growth. The widely known report of the British Medical 
Research Committee! is responsible for the statement that ‘‘the 
requirements of the body for the factor [vitamine B] are much 
greater during growth than during maturity.’’ It is not easy, 
however, to discover experimental evidences in proof of this thesis. 
Perhaps this is based on Drummond’s earlier statement? that in 
the case of young rats the withdrawal of vitamine B from the 
dietary is almost invariably followed by an immediate cessation of 
growth succeeded by a period during which the animal either 
maintains a constant body weight or shows a very slow decline 
until the sudden terminal change resulting in death. Drummond 
adds that “‘from a large number of observations it has been 
ascertained that the period of maintenance, which follows the 
restriction and precedes the final decline, is roughly proportional 
to the age of the animal when the restriction is imposed.” His 
further statement that ‘‘adult animals are able to live for con- 
. siderable periods without receiving a supply of this dietary factor 
[vitamine B]’’ must be interpreted in the light of his added 
statement that “during this period they usually show a slow 
decline in body-weight, which is associated at a later stage with an 
enfeebled resistance to disease. The ultimate decline is, however, 
inevitable.’’ A somewhat similar view is recorded in the British 
Report when it states, that ‘‘adult animals show a very gradual 
fall in body weight following the restriction [removal of vitamine 
B], but sooner or later both young and old subjects suffer a rapid 
decline which invariably terminates fatally.”” It seems scarcely 
justifiable, in view of the admitted fact that rats of all ages 
inevitably decline when vitamine B is omitted from their diet, to 
suggest any marked difference in the actual need of this vitamine 
on the basis of the differences in the rate of decline shown by 
animals possessing undoubtedly unlike nutritive reserves. It 
seems worth while to emphasize this criticism in view of the fact 


1 Report on the present state of knowledge concerning accessory food 
factors (vitamines), Med. Research Com., Nat. Health Insurance, Special 
Rep. Series, No. 38, 1919, 21. 

2 Drummond, J. C., Biochem. J., 1918, xii, 29. 
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that published statements have awakened a widespread _ belief 
that vitamine B is essential primarily for growth. 

The problem involved can be investigated experimentally. 
Many of the earlier studies in this field are open to criticisms in the 
light of the rapidly increasing knowledge shed upon this new 
field of research during the past few years. Consequently, it is 
unnecessary to present an elaborate review of the subject. Fre- 
quently the dietary materials used were not demonstrated to be as 
free from vitamine B as the investigations strictly required; and 
further, as we have often pointed out, the earlier methods of feeding 
have been such as to leave the actual intake of various important 
factors involved in the questions at issue uncertain or unde- 
termined. 

Evidence has not been lacking that the amount of growth of 
experimental animals on otherwise uniform and adequate diets 
may be proportional to the amount of vitamine B-bearing products 
included in the diet. For example, in 1917 we showed that in 
diets in which varying percentages of yeast were incorporated as 
the source of vitamine B in otherwise adequate food mixtures the 
rate of growth increased up to a certain point with the increasing 
content of the yeast component.’ A recalculation of some of our 
earlier data so as to show the absolute daily intake of yeast in 
these experiments gives data which also are in harmony with the 
suggestion that, up to the essential minimum, growth (and 
consequently also food intake) improves with the increasing 
dosage of the source of vitamine. Similarly, regarding another 
source of vitamine B, McCollum‘ notes that ‘“‘rats which are at all 
depleted with respect to the factor B do not recover when only 2 
per cent of wheat germ is present in the ration. They do recover 
from a condition of extreme weakness, and partial paralysis on our 
ration with the extracted germ to the extent of but 3 per cent.” 

The same general parallelism of improved growth with increasing 
doses of vitamine B up to the essential minimum or optimum for 
normal response has been observed in our studies with vitamine- 
bearing fractions of yeast extracts, as well as in numerous investi- 
gations on the effect of varying dosage of plant products upon the 


> Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1917, xxxi, 149. 
‘McCollum, E. V., J. Am. Med. Assn., 1917, xviii, 1379. 


é 
~ 


742 Vitamine B in Nutrition 


growth of rats.2. The facts indicated in the preceding review 
could doubtless be further illustrated by reference to many 
individual experiments scattered through the now voluminous 
literature on vitamines, 

Some time ago we undertook to aseertain the actual daily 
requirement of vitamine B for rats at various stages of their 
growth through the period of adolescence and in animals of widely 
unlike size. The conditions selected were intended to be more 
strictly comparable or identical with respect to all the other 
dietary factors than had been the case in previous investigations, 
These studies were expected to furnish conclusive evidence as to 
whether the requirement for vitamine B actually varies with the 
age (and size) of the individual; and whether there is a wide 
variation in the need of this vitamine among different animals kept 
under otherwise comparable hygienic and dietary conditions. It 
was anticipated, further, that such a study might throw some light 
on the possible mode of action of the vitamine; thus, for example, 
if it functions in somewhat the same manner as enzymes and 
related catalysts are supposed to act, a definite small initial dose 
might serve under a large variety of conditions to initiate a chain 
of events or chemical reactions of widely different extent which 
might proceed to their normal conclusion according to attendant 
circumstances in the system in which they were established. On 
the other hand, it is equally coneeivable that the vitamine may 
act as an integral chemical component of biological mechanisms— 
eclls, for instance—in which the need thereof would be expressed 
quantitatively by increments of demand proportional to the 
increase in the structures of which they were a part—Jjust as other 
“building stones” in the organism which are indispensable to liv- 
ing cells must be supplied in amounts proportional to the number 
of cells creating the structural demand. Or again, even a mere 
stimulant like a drug might be required in doses proportional to 
the tissue to be stimulated, analogously to what one finds in the 
domain of pharmacology. Thus a dose of pilocarpin which will 
promote secretion in 2 small animal no longer suffices in a much 
larger individual. This well known fact is taken into account in 


5 Osborne, T. B.. and Mendel, L. B., J. Biol. Chem., 1919, xxxix, 29; 
1920, xi, 451: 1920, xlii, 465: J. Am. Med. Assn., 1922, Ixxviii, 1121. 
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adjusting the dosage of medicinal agents for persons of widely 
unlike age and size. 
EXPERIMENTAL. 


In the present feeding experiments on white rats a foed mixture 
consisting of casein 18, starch 54, lard 15, butter fat 9, and salt 
mixture® + per cent, and demonstrated as the result of many 
trials to promote growth to full adult size when an abundance of 
vitamine B in the form of yeast is supplied, represented the 
“standard food” which was always furnished ad libitum along 
with tap water to the animals. The vitamine B product consisted, 
unless otherwise specified, of tablets from a single lot of dried 
brewery yeast which has been used in our laboratory for several 
vears. The individual tablets, which were manufactured in our 
laboratory showed a variation of not more than -++ 5 per cent from 
the dosage size indicated for them. The veast was fed in a 
separate dish and almost invariably eaten promptly as soon as it 
was Offered. 

The plan of the feeding trials consisted in continuing the same 
dosage of yeast daily over a period of 1 year, the beginning of 
such a dietary régime being made at different ages (and conse- 
quently different sizes), with animals previously maintained on 
the mixed diet customarily furnished after weaning to our colony.‘ 
In this way it became possible to ascertain not only what doses of 
vitamine-bearing supplement were required at different ages until 
adult size was reached, but also whether a more or less prolonged 
preliminary period of less ‘‘artificial’’ feeding on food mixtures 
which have been demonstrated to be adequate in every respect for 
the nutritive well being of the rat would alter the subsequent 
vitamine requirement. Not less than five rats (usually males) 
were employed in each test; and they were kept in individual 
cages. At the end of the vear on unchanged diet (or earlier if 
serious decline in weight had intervened) the dosage of yeast was 
increased in a considerable number of cases in order to ascertain 
whether still greater increments of weight could be secured on the 
standard diet employed. The results are summarized in graphic 
form in Charts 1 and 2 which show the changes in body weight 


6 Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1919, xxxvil, 572. 
7 erry, L., J. Lab. and Clin. Med., 1919-20, v, 735. 
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during the year of the fixed diet. Attention is directed to the fact 
that the feeding trials of suecessive groups on the same yeast 
dosage were begun when the animals had reached approximately 
40, 70, 150, and 240 gm., respectively, of body weight. 

Limitations of space do not permit the recording here of the 
enormous number of data furnished by these laborious tests. In 
examining the charts it should be borne in mind that the average 
adult size for male rats in our colony approximates 300 to 350 gm.; 
adult size beyond which little or at best slow increments of weight 
oecur being reached at the age of 240 to 300 days. 

With these facts in mind it will be noted that in Groups 1, 2, 3, and 
4, of Series A, in which 200 mg. of dry yeast were supplied daily to 
each rat, the animals with few exceptions reached the average adult 
size within the average normal time. The occasional death of a 
rat among the large number investigated need not militate 
against the significance of the general outcome of the experiments. 
The apparent tendency, in all of the series, for the rats started 
later on the “‘artificial’’ diet to grow somewhat larger than those 
which began to receive the standard food plus yeast at an early 
age, presumably is due to the differences in age at the end of the 
various feeding periods in the groups. Our stock rats tend to 
show a slow but steady increment of weight even long after the end 
of the first year of life. Whether this age factor is sufficient to 
account for this phenomenon we are unable to state at the present 
time. It will be noted also that the growth of an occasional 
animal such as one in Series A, Group 3, and one in Series B, 
Group 3, tended to exceed that of its mates, suggesting either 
unusually low vitamine requirement or exceptional capacity for 
growth in individual animals. On the whole, however, the 
results are remarkably concordant when the severe conditions of 
the experiment-—long periods of confinement in small cages with- 
out exercise, and without change of the “ purified’’ diet—and also 
the fact that the rate of growth and ultimate maximum size of our 
stock animals varies quite as widely, are borne in mind. 

It will be seen at once that, although the daily dosage of 200 mg. 
of our yeast seems to suffice as a source of vitamine B to facilitate 
average growth at all periods until adult size is reached, the out- 
come with 100 mg. (Series B), particularly after the animals 
attain a weight of 200 gin., tends to be less satisfactory. When the 
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daily dosage is still smaller (50 mg. in Series C; 25 mg. in Series D), 
the rate of growth is more or less retarded from the very beginning 
of the experiments. In the ease of the Jarger animals in Series D 
25 mg. of yeast per day failed in every instance to secure even 
maintenance of body weight for any length of time, although all 
of the animals recovered their weight and began to grow when the 
vitamine B intake was augmented. Even with somewhat smaller 
animals on the lowest dosage not only was no long continued 
growth secured but maintenance became somewhat difficult. 

Obviously, when the daily intake of yeast remains unchanged 
while an animal is rapidly altering its body weight the dosage of 
vitamine estimated on the basis of any acceptable ‘‘unit,’’ whether 
it be in terms of weight, stature, or surface area, will become pro- 
gressively altered. It is instructive, therefore, to attempt an 
estimate of the actual dosage in our numerous experiments under 
strictly comparable conditions in terms of one of these ‘‘units.”’ 
For purpose of illustration we have selected 100 gm. body weight 
in such calculations. Estimated on this basis, which is admittedly 
open to theoretical objections just as are the other various units 
which have been proposed for the record of basal metabolism, it 
appears, broadly speaking, as if the vitamine B requirement in the 
ease of the rat under conditions of growth or maintenance upon a 
food of constant qualitative and quantitative make-up bears some 
quantitative relationship to the mass of active tissue. Under the 
conditions of our experiment the daily requisite per 100 gm. of 
body weight seemed to approximate what is contained in 50 to 
60 mg. of our dry yeast. This conclusion is reached by observing 
the weight of the animals for which maintenance is cither barely 
possible, or no longer satisfactory, in the numerous individual 
experiments on the varied fixed daily doses of yeast. Table [, 
which receives its justification from our statistics and a study of 
Charts 1 and 2, summarizes some of the data applicable to the 
problem. 

It should perhaps be specifically noted that a number of the 
larger animals, such as those in Series B for example, showed a 
satisfactory maintenance and sometimes even slow increments In 
weight on a daily yeast dosage which, calculated in terms of 100 
gm. body weight units, was considerably less than 50 mg., the 
quantity which we have judged to be the approximate requirement 
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under the conditions noted. Similar observations have been 
made in the case of a number of larger and older rats which were 
made to depend upon vitamine B dosage somewhat lower than 
that calculated on the 50 mg. per 100 gm. weight basis. It seems 
not unlikely that this outcome is, strictly speaking, not funda- 
mentally in conflict with the dosage principle enunciated; for it 
may be that the larger animals are comparatively rich in fat so 
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that the actual amount of the active tissues, with which the vita- 
mine need is assumed to be correlated, is far smaller than the 
total body weight indicates. .A somewhat similar situation has 
been found with respect to the so called creatinine coefficient 
in man. The endogenous urinary output of this substance in 
general bears a fairly constant relation to the size of the individual 
as expressed by body weight; an exception has repeatedly been 
found, however, in the case of corpulent individuals in whom the 
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coefficient is low in proportion to the estimated preponderance of 
inactive adipose tissue. 

One further illustration of the dependence of the rate of growth, 
under otherwise comparable dietary and environmental conditions, 
upon the vitamine dosage is presented in Chart 3. This shows 


EFFECT OF INCREMENTS OF 
YEAST VITAMINE CONCENTRATE 
ON THE RATE OF GROWTH. 
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the differences in the rate of growth of six animals from the same 
litter, each of which was put upon our standard casein diet when 
it reached a size represented by 100 gm. of body weight, the 
variable being the daily dosage of yeast. The graphic results are 
self-explanatory. 

The evidence for a correlation between the size of the animal 
and its vitamine B requirement for securing the expected nutritive 
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condition (z.e. growth or maintenance according to the size and 
age of the animal) has been corroborated by feeding experiments 
in which more concentrated preparations of vitamine have been 
employed. Thus, using the yeast concentrate described by 
Osborne and Wakeman’ as the vitamine B supplement to our 
standard food, growth usually stopped when rats reached a size 
somewhat less than 200 gm. in body weight on a daily dose of 40 
mg. of concentrate. Growth was promptly resumed when the 
dose was increased. Some of these effects are illustrated in Chart 
4. It is little short of surprising to see how the seemingly small 
variations in the intake of a product, which at best must be com- 
posed in large part of extraneous matter other than the vitamine 
per se,are attended by corresponding changes in the body weight 
of the animals. When the smaller doses are fed to larger animals 
a decline in weight ensues; with intermediate doses there may be 
maintenance at various levels of body weight; with the larger 
intake for the smaller animals growth ensues. 

In the experiments here recorded the qualitative and quantita- 
tive composition of the basal food mixture has been kept un- 
changed. The experiments, therefore, throw no direct light upon 
the question as to whether the make-up of the food intake has a 
direct bearing upon the requirement for vitamine B. It has been 
claimed, for example, that by increasing the protein intake the need 
of the vitamine may be diminished in comparison with what 
pertains on diets low in protein and very rich in carbohydrate.? 
Such observations as we have made incidentally in other investi- 
gations have not given any support to this contention. 

The recent studies of Cowgill! on dogs in the laboratory of one 
of us furnish added evidence, in connection with another species of 
animal, of a quantitative relationship between the requirement of 
vitamine B and the size of the animal. 


8 Osborne, T. B., and Wakeman, A. J., J. Biol. Chem., 1919, xl, 383. 
9 Funk, C., and Dubin, H. E., Science, 1920, lii, 447. 
1° Cowgill, unpublished data. 
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STUDIES IN INORGANIC METABOLISM. 


IV. THE INFLUENCE OF YEAST AND BUTTER FAT UPON MAG- 
NESIUM AND PHOSPHORUS ASSIMILATION. 


By L. JEAN BOGERT anv RUTH K. TRAIL. 


(From the Department of Food Economics and Nutrition, Kansas State 
| Agricultural College, Manhattan.) 


(Received for publication, October 23, 1922.) 


In recently published metabolism experiments on normal 
women, a noticeable lowering of the total calcium excretion and a 
correspondingly favorable influence upon the calcium balances 
were observed during the periods when either yeast or butter fat 
were added to a basal diet very poor in vitamines. In view of 
these facts, which suggest some relation between the vitamine 
content of the diet and the assimilation of calcium, it was con- 
sidered of interest to follow the magnesium and phosphorus 
metabolism of these subjects during the same interval, in order to 
see whether the yeast or butter fat exerted any similar influence 
simultaneously upon the metabolism of other inorganic con- 
stituents of the diet. 

The phosphorus and magnesium content of the foods (given in 
Table I) were determined at the time of the experiment, using the 
same samples of food upon which the calcium determinations were 
made.! For details as to experimental procedure see the first 
paper of this series and the paper which contains the data con- 
cerning the influence of yeast and butter fat upon calcium assimi- 
lation.* For convenience in comparison, however, the final data 
on calcium balances are included in Tables IV and V. 


1 These analyses were done at the Agricultural Experiment Station of 
the Kansas State Agricultural College, according to the official methods of 
analysis of the Association of Agricultural Chemists. The same methods 
were used in the analysis of the excreta. 

2 Bogert, L. J., and McKittrick, E. J., J. Biol. Chem., 1922, liv, 363. 

3 Bogert, L. J., and Trail, R. K., J. Biol. Chem., 1922, liv, 387. 
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Table II shows the diet of the subjects, and also their daily 
intake of magnesium and phosphorus, during Periods I and ITI. 
This diet was planned so as to be very low in vitamines. The 
lean beef was dissected free from fat and the vegetable fat used 
was pure, filtered fat separated by siphoning from commercial 
nut margarine, melted at 40—45°C. Dried skimmed milk (Klim) 


TABLE I. 
Composition of Foods. 
Food. Magnesium, Phosphorus. 

per cent per cent 

TABLE II. 


Basal Diets for Subjects. 


Subjects Land J.* Subjects J and K.f 
Food. 
Amount. Mg P Amount. Mg P 
gm gm gm. gm gm gm 
200 0.056 | 0.428 | 200 0.056 | 0.428 
Skimmed milk........ 250 0.042 0.230 | 200 0.034 0.184 
Bread (white)........ 250 0.075 0.220 250 0.075 0.220 
100 0.0385 0.091 100 0.035 0.091 
Vegetable fat........ 72 50 
10 
Daily intake....... 0.208 | 0.969 0.200 | 0.923 


* This diet furnished 2,391 calories, 82 gm. of protein, 92 gm. of fat, and 
0.395 gm. of calcium. The yeast taken in Period II added 0.037 gm. of 
magnesium and 0.239 gm. of phosphorus, as well as 3.9 gm. of protein and 
0.023 gm. of calcium. During Period IV, 72 gm. of butter fat were sub- 
stituted for the vegetable fat in the basal diet. 

t This diet furnished 2,074 calories, 81 gm. of protein, 70 gm. of fat, and 
0.341 gm. of calcium. The yeast taken in Period II added 0.037 gm. of 
magnesium and 0.239 gm. of phosphorus, as well as 3.9 gm. of protein and 
0.023 gm. of calcium. During Period IV, 50 gm. of butter fat were sub- 
stituted for the vegetable fat in the basal diet. 
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was used and its vitamine content further reduced by cooking with 
rice In a pressure cooker. During Period II, six cakes of com- 
pressed yeast were consumed by each subject daily, in addition 
to the basal diet shown in Table IT, while in Period IV, an equal 
weight of butter fat, similarly purified, was substituted for the 
vegetable fat taken during the other three periods. 


TABLE III. 


Magnesium and Phosphorus Excretion. 


Magnesium. Phosphorus. 
Subject. Period. 

Urine. Feces. Urine. Feces. 
am. | | om. | | om. | om. | 2% | om. | | om. 
I I 0.250, 27 |0.669) 73 |0.9191.940 59 '1.332) 41 (3.272 
Il 0.215) 30 (0.508; 70 |0.723)1.646) 51 |1.556; 49 (3.202 
IIl 0.202) 28 |0 526) 72 52 |1.701; 48 |3.585 
lV 0.234 36 '0.415) 64 66 |1.084) 34 3.069 
J I 0 35 (0.450) 65 59 11.356) 41 |3.301 
Il 0.221; 24 (0.706) 76 47 |2.056) 53 /3.915 
ILL 0.2 33 |0.477| 67 |0.710;2.082) 61 39 (3.421 
lV 0.217) 35 (0.398) 65 |0.615)2.138) 66 |1.093) 34 3.231 
I 0.625) 60 0.419) 40 |1.044/2.219) 71 10.875 29 |3.094 

IL 
III 0.250! 29 71 |0.870)2.453) 63 |1.464; 37 |3.917 
LV 0.299; 41 |0.426) 59 0.725)2.681, 75 |0.896) 25 |3.577 
L I 0.220; 42 '0.300; 58S |0.520)1.586) 67 |0.766; 33 |2.352 
Il 0.194; 31 |0.429) 69 |0.623)1.905) 63 37 |3.009 
0.275) 26 |0.802) 74 |1.077|1.670) 49 11.758; 51 |3.428 
IV 0.217) 32 |0.463 68 |0.680)2.245) 70 0.957) 30 (3.202 


The amounts of magnesium and phosphorus excreted by the 
different subjects during the four 4 day periods are recorded in 
Table III. The urinary magnesium was very constant, in prac- 
tically every instance falling between 0.050 and 0.075 gm. per day. 
The urinary phosphorus ranged from 0.396 to 0.670 gm. per day. 
The phosphorus excretion shows greater variations, not only in the 
actual amounts excreted in the urine but also in the distribution 
of the total output between the urine and the feces, than are found 
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in either the magnesium or calcium excretion. It should be noted, 
however, that the larger amounts of phosphorus metabolized 
render these fluctuations proportionally less important. 

The average percentage of the magnesium output excreted by 
way of the urine was 34 per cent (range 24 to 60 per cent). It is 
interesting to observe that the urinary magnesium formed about 
the same proportion of the total output in these four subjects as 
did the urinary calcium,® which averaged 37 per cent (range 2+ to 
54 per cent) of the total calcium excretion. On the other hand, 
a much larger relative amount of the phosphorus excreted was 
found in the urine (average 61 per cent, range 47 to 75 per cent). 

Urinary calcium was decidedly greater than urinary magnesium. 
The ratio tended to be fairly constant for each subject, usually 
falling between 1:2 and 1:3. In only one case was urinary 
magnesium greater than calcium (Subject K, Period I), and in 
this instance the ratio was practically 1:1. In every case the 
fecal magnesium and total magnesium excretion were much less 
than the corresponding figures for calcium, the ratio being quite 
consistently about 1:2 to 1:2.5. 

There seems to have been no noticeable or consistent effect 
produced upon the urinary magnesium or phosphorus by the 
yeast added to the diet in Period II, and the urinary magnesium 
also seems to have been unaffected by the substitution of butter 
fat for vegetable fat in the diet during Period IV. The urinary 
phosphorus, however, was increased in every case in Period IV, 
when a decrease in fecal phosphorus also occurred. This increase 
in the percentage of the phosphorus output excreted by way of 
the urine might be interpreted as indicative of an improved 
absorption of phosphorus from the intestine during Period IV, 
when butter fat was taken. 

Both the fecal excretion and the total excretion of magnesium 
and phosphorus were increased in two subjects during Period IJ, 
which may be attributed chiefly to the appreciable amounts of 
these elements, especially phosphorus, contained in the yeast 
added to the diet. However, a tendency to excrete a smaller 
proportion of the intake, which was noted in the case of the 
calcium metabolism, is again apparent, so that the net result is an 
improved balance in every case but one (Subject J, magnesium 
balance). In the third subject (Subject I), the tendency toward 


L. J. Bogert and R. K. Trail 757 


lowered excretion more than compensated for the increased intake 
of magnesium and phosphorus during Period II, with a resulting 
diminution in both the fecal and the total excretion of these ele- 
ments. It is regrettable that it was impossible to follow the 
magnesium and phosphorus metabolism of Subject K during 
Period IT, since all of the feces from this period had been used in 
making the calcium determinations. However, since this subject 
showed the typical decrease in excretion and favorable influence 
upon the balances of all three of these elements in Period IV, and 
since the magnesium and phosphorus metabolism were closely 
parallel to that of the calcium throughout the other three periods, 
it is probable that the phosphorus and magnesium balances would 
have shown the same improvement exhibited by the calcium 
balance for this subject in Period II. 

Alterations in the fecal excretion and total excretion of magne- 
sium and phosphorus were more apparent and more uniform 
during Period IV. The inorganic intake was not affected by the 
substitution of butter fat for the vegetable fat. In all four of the 
subjects studied, both the magnesium and phosphorus excreted 
in the feces and the total output of these elements were distinctly 
lowered during Period IV. 

The effects of the changes in the diet in Periods II and IV are 
best seen, however, by inspection of the magnesium and phos- 
phorus balances. These effects are not only of sufficient magni- 
tude and uniformity as to be unmistakable, but they are exactly 
parallel to the effects upon the calcium balances of these subjects 
observed earlier. The intake, output, and balances, for the 
various periods are recorded in Table IV, while the average 
daily balances are shown in Table V. The corresponding figures 
for calcium metabolism are included for comparison. During 
Periods II and IV, there was an improvement in the balances of 
both magnesium and phosphorus over those of the preceding 
periods in every case but one. This usually took the form of 
increased positive balances. The phosphorus balances were all 
positive except that of Subject K, Period III. The magnesium 
balances were negative in only four instances (Period I, Subjects I 
and K; Period III, Subjects K and L). Whenever negative balances 
occurred, the subjects were on the basal diet, and these negative 
balances were converted to positive ones upon the addition of 
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The 


ealcium balances were all negative on the basal diet and the 
improvement noted upon the introduction of yeast or butter 
fat into the diet usually consisted in a distinct lowering of negative 
balances, but in three cases the influence was sufficient to throw 
the subject into positive calcium equilibrium. The prompt 
return of each of the subjects to the less favorable balances of 


TABLE IV. 
Calcium, Magnesium, and Phosphorus Balances by Periods. 
Calcium. Magnesium. Phosphorus. 
Subject. | Period. 
gm. | gm. gm. qm. qm. gm. gm. gm. gm. 

I I |1.5802.059) 604 
IL |1.672)1.707| —0.035'0.980/0. 723) +0. 257 202)+1.630 
IIL {1.580 1.806 +0. 291 
IV |1.580'1.584; —0.004'0.832'0. 649) +0. +0. 807 
J |1.580'1.719) —0. 139}0.832,0. 691) +0. 
Il |1.672)1.784 —0.112,0.980'0. 927; 
{1.5801.515' +0.065)0.832.0.615 +0. 217'3.8763. 231)+0. 645 
I §(1.364)1.588 —0.2240.800)1.044 —0. 

IL |1.460)1.295)+0. 165 
Ill —0. 225 
IV —0. 241,0.800.0.725 
L I /1.364)1.415) +0. 2803. 692)2.352|+1.340 
Il |1.460'1.383' +0.077/0.948/0.623) +0. 325! 4.648/3.009)+1.639 
Ill = |1.364)1.700! —0.336/0.800)1.077) —0. 277/3.692)3. 428) +0. 264 
IV |1.364.1.415 —0.051,0.8000. 680) +0. 120 3.6923. 202) 490 
all three elements in Period III is also noteworthy. The only 


instance where the balance was not favorably influenced by the 
addition of yeast or butter fat is in Period II, Subject J, where 
neither the magnesium nor calcium balances responded favorably, 
although the phosphorus balance was increased as in the other 


subjects. 


The parallel course of the calcium, magnesium, and phosphorus 
metabolism, as well as the favorable influence exerted upon the 
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balance of each of these elements during Periods II and IV, may 
be seen readily from the curves shown in Chart 1, in which the 
average daily balances of all three elements throughout the four 
periods have been plotted. The outstanding feature of this figure 
is the rise of the curves for all three elements during Periods II 
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Cuart 1. Average daily balances of phosphorus, magnesium, and cal- 
cium of all subjects. 


and IV, thus indicating increased retention or diminished excretion 
of each of these elements when yeast or butter fat was introduced 
into the diet. The favorable influence of the yeast seems to have 
been somewhat greater than that of the butter fat. The fall in 
the curves of all three elements in Period III is also worthy of 
note. 
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While it is most interesting to observe that the influences, 
which favored calcium retention upon the introduction of yeast or 
butter fat into the diet, exerted a similar influence upon magne- 
sium and phosphorus metabolism, we do not feel justified in con- 
cluding that these effects are necessarily due to the vitamines 
added to the diet, as other factors may possibly be operative. 


CONCLUSIONS. 


1. The magnesium and phosphorus balances in two normal 
women were favorably influenced by the addition of yeast to a diet 
of white bread, rice, lean beef, skimmed milk powder, purified nut 
margarine, sugar, and starch. ‘The calcium balances, determined 
over the same period on the same subjects and previously reported, 
were similarly affected. A third subject failed to show improve- 
ment of calcium or magnesium balances upon the addition of 
yeast to the diet although the retention of phosphorus was 
favored under these circumstances. 

2. The substitution of an equal weight of purified butter fat for 
the vegetable fat in the basal diet led to diminished fecal and total 
excretion of magnesium and phosphorus on a constant intake, 
with a favorable influence upon the balances of these elements in 
all four subjects studied. In every case the calcium balances 
showed a simultaneous improvement, the metabolism of these 
three elements being closely parallel throughout the experiment. 

3. Although the above facts strongly suggest some relationship 
between the vitamine content of the diet and the assimilation of 
calcium, magnesium, and phosphorus, the effects produced by the 
yeast and butter fat may be due to factors other than their 
vitamine content. 
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VITAMIN A CONTENT OF LARD OBTAINED FROM 
HOGS ON A CONTROL RATION. 


By MARGUERITE G. MALLON ann MARJORIE CLARK. 


(From the Laboratory of Food Chemistry, Department of Home Economics, 
Purdue University, Lafayette.) 


(Received for publication, October 19, 1922. 


There has been much discussion both by American and English 
investigators concerning the vitamin A content of lard. The 
problems concerned have been whether or not the deficiency of 
this factor, if there is a deficiency, is due tothe lack of its presence in 
the original fat or to destruction of this vitamin in the commercial 
process of manufacture of lard. The latter includes the problem 
of the effect of heat and oxidation on vitamin A. 


EXPERIMENTAL WORK. 


The object of the experiment was to test the activity of lard 
prepared from hogs whose diet was known. 

Two hogs were secured from the Animal Husbandry Depart- 
ment of the Purdue Experiment Station whose diet was known. 
From July 2 to September 26, 1921 these two hogs were fed on a 
full allowance of shelled yellow corn and clover pasture. From 
September 26 to December 12, the time they were killed, they were 
fed a full feed of yellow corn in a dry lot. These animals were 
unusually healthy. 

In 1920 Osborne and Mendel (1) and Steenbock and Gross 
(2) demonstrated the presence of vitamin A in clover. The 
presence of this vitamin in yellow corn has been demonstrated by 
Steenbock and Boutwell in 1920 (3). 

The fat from these hogs was rendered in our laboratory. The 
lard which was used was prepared from the leaves and back fat. 
The fat was cut in small pieces and finely divided by putting it 
through a food chopper. It was then filtered through filter paper 
above the melting point of the lard, kept in an electric oven (4). 
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This was done in order to obtain all the glycerides of the hog fat, 
and to eliminate the factors of high temperature and stirring. 
This filtered fat or lard of both leaves and back fat was mixed 
and kept for 3 months up to and during the period of the experi- 
ment in the cold storage room of the Dairy Department. 


Experimental diet.* Control diet.* 
per cent per cent 


* In each diet 0.6 gm. yeast was fed separately, daily. 


The corn-starch used was “Argo.” This was boiled in a 
reflux condenser three successive times, 1 hour each time, with 
equal parts of 95 per cent alcohol? and commercial anhydrous 
ether. It was then washed and dried in an electric oven at 100°C. 
This was done to remove any vitamin A which might be present. 

The casein, “from milk, washed’’? was prepared in the same 
way. 

The salt mixture used was the one used by Osborne and 
Mendel (5). 

Fleischmann’s compressed yeast was used as a source of vitamin 
B. It was dried at 110°C. over night, pulverized, and then 
treated for removal of vitamin A. 

The butter fat used for the control rats was prepared by the 
usual method. 

A careful record of the gram weight of the food eaten each day 
by each animal was taken. On account of the pasty consistency 
there was no scattering. The yeast, food, and distilled water 
were kept in separate containers. 

The initial weight for both groups averaged 50 gm. The 
animals were weighed twice a week and the weights recorded. 
Each rat was kept in a separate cage. 


*Corn Products Company. 
2U.S8. Industrial Aleohol Company. 
3 Eimer and Amend. 
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Two groups of animals were fed, four in the control group and 
four in the experimental group. In each group were animals of 
both sexes. The experimental animals and the control animals 
were kept side by side in a well lighted and well ventilated room. 


DISCUSSION. 


The percentage of fat fed in the experimental diet was large, 30 
per cent. The rats on the experimental diet and on the control 
diet ate practically the same amount of food each day for 2 months. 

At the end of 2 months the experimental and control animals 
had attained practically the same weight, the average being 153 
gm. The animals were ina healthy condition; the eyes bright and 
clear; and the hair was smooth and glossy. 

Suddenly, 2 days after the above observation the four experi- 
mental animals on the entire lard diet began to show inflammation 
of the eyes which developed into xerophthalmia. There was a 
decline in food intake and weight after the eye disease started. 
Two of the experimental animals died. After the xerophthalmia 
had fully developed, the other two animals of the experimental 
group were given 0.5 gm. of butter fat daily for 3 days and the 
eyes cleared up and became somewhat beaded. 

The control animals did not develop xerophthalmia and main- 
tained their healthy condition. The stock animals, z.e. the parent 
animals of both the experimental and control groups, were fed a 
ration which contained yellow corn-meal, oil meal, crude casein, 
alfalfa meal, NaCl, and CaCO ; (Steenbock). And from time of 
impregnation the mother rats were given milk ad libitum. The 
good condition of the experimental animals for 2 months seems to 
indicate that the animals had stored in their bodies (6) from the 
mother’s milk a sufficient amount of vitamin A for growth for some 
time, but the quantitative supply was not sufficient to prevent 
susceptibility to xerophthalmia. 


CONCLUSION, 


The result of this experiment seems to indicate that lard, made 
from leaves and back fat of hogs whose diet contained vitamin A, 
does not contain an adequate supply of this vitamin to prevent 
xerophthalmia even when fed in large amounts. 
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A COMPARISON OF THE DU BOIS AND THE HARRIS AND 
BENEDICT NORMAL STANDARDS FOR THE ESTI- 
MATION OF THE BASAL METABOLIC RATE. 


By WALTER M. BOOTHBY anv IRENE SANDIFORD. 


(From the Section on Clinical Metabolism, Division of Medicine, Mayo 
Clinic and Mayo Foundation, University of Minnesota, Rochester.) 


(Received for publication, October 21, 1922.) 


One of the most important contributions to the science of 
medicine within recent years was the establishment by Lusk and 
Du Bois and their associates of a normal standard of heat produc- 
tion of sufficient accuracy to allow the general introduction of 
indirect calorimetry into clinical medicine.! The historical 
details, which need not be repeated here, of the development of 
Rubner’s law of body surface into an accurate standard for the 
determination of the basal metabolic rate have been extensively 
covered in the various articles of Lusk and Du Bois and of Harris 
and Benedict; the former emphasize its consistencies and general 
applicability and the latter emphasize the point “that the metab- 
olism or heat output of the human body even at rest does not 
depend on Newton’s law of cooling and, therefore, is not propor- 
tional to the body surface.”” Murlin has recently demonstrated 
some of the fallacies in the position maintained by Benedict 
and his associates both by mathematical and by teleological 
arguments. 

Because of their reluctance to accept the body surface law as 
a basis for the establishment of normal standards for heat produc- 
tion Harris and Benedict, in an exhaustive mathematical con- 
sideration of the subject, developed a series of biometric correla- 
tion formulas, based on stature, body weight, sex, and age (the 
same factors as used by Du Bois) by which “results as good as, 
or better than, those obtainable from the constant of basal metab- 


1 For bibliography on this subject see the following paper (Boothby, 
W. M., and Sandiford, I., J. Biol. Chem., 1922, liv, 783). 
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olism per square meter of body surface can be obtained by bio- 
metric formulas involving no assumption concerning derivation 
of surface area but based on direct physical measurements.” 
Shortly after the appearance of the Harris and Benedict standards 
we tabulated 404 determinations of the basal metabolic rate 
expressed in percentages above and below normal, using both the 
standards of Du Bois and of Harris and Benedict. The average 
rates of all the cases show that those obtained by the Harris and 
Benedict method are 6.5 points higher than the rates obtained 
by the Du Bois method. The striking parallelism between the 
results obtained by the two methods is shown in Table I in which 
it is seen that 195 of the 404 determinations are within + 2.5 of 


TABLE I, 


Comparison of Metabolic Rates Obtained by the Harris and Benedict 
Method with Those Obtained by the Du Bois Method. 


Difference between the Harris and Benedict XN — 
No. of dete or each rs 
rates from Du Bois’ rates as standard. of determinations for each range 


—10 to — 6 3 
— 5to-— 1 | 20 

Oto + 3 
+4to+ 9 195* 
+10 to +14 | 69 
+15 to +19 24 
+20 to +25 5 


Average of 404 determinations +6.5 


* Within = 2.5 of the average deviation. 


the average variation. Because of the demonstrated agreement 
between the two methods in such a large proportion of subjects 
we concluded that there was a fundamental similarity between 
the two methods, but reserved our final opinion until after an 
analysis of the discrepancies. 

Means and Woodwell have recently made a similar, .but some- 
what more extensive analysis and have likewise shown that the 
Harris and Benedict standards give basal metabolic rates on an 
average 6 per cent higher than the Du Bois standards. They 
point out that these differences might be abolished by an empirical 
reduction in the Du Bois standards, but refrain from doing so and 
recommend that the use of the Du Bois method be continued, 


unchanged. 
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Unfortunately, and without the authorization or knowledge of 
Du Bois, Sanborn, in his compilation of “basal metabolism” has 
presented a table containing the Du Bois normal standards with 
1.8 calories arbitrarily deducted. Although it is possible that 
in the future the present Du Bois standards: may be modified, yet 
in order to avoid confusion it is highly desirable that they be 
altered as infrequently as possible. 

As we have pointed out an analysis of the Du Bois and of the 
Harris and Benedict standards by Boothby and Sandiford and by 
Means and Woodwell showed for the majority of determinations a 
remarkable parallelism between the two methods; however, in our 
series materially discordant results were obtained in approxi- 
mately one-fifth of the subjects. The present paper is a more 
extended analysis of the two standards with an attempt to learn 
the cause of these larger discrepancies. 

Harris and Benedict claim that their standards are in no way 
based on Rubner’s law of surface area. While this is true as far 
as the original construction of their formulas is concerned, yet the 
startling fact remains, as the curves in Chart 1 of Du Bois’ paper 
on the basal metabolism in fever indicate, that the surface area 
ean be calculated within certain range by their formulas with 
practically the same accuracy as by the formulas of Du Bois and 
Du Bois. The basal heat production for males as predicted by 
Harris and Benedict is 


h = 66.4730 + 13.7516w + 5.0033s — 6.7550a (1) 


where h = basal heat production for 24 hours, w = weight in kilos, s = 
height in centimeters, and a = age in years. This formula can be trans- 
posed into one which will predict surface area by substituting constants as 
follows: 


_ 66.4730 + 13.7516 w + 5.0033s — Ai (2) 


S.A, K, 


where K, = 141.86 which is 6.7550 (the Harris and Benedict age factor for 
males) X 21 years and K, = 948 which is Du Bois’ normal calories per hour 
for each square meter for males 21 years old multiplied by 24 hours (39.5 


xX 24), and S.A. = surface area in square meters. This formula can be 
simplified by factoring and dropping insignificant figures to 
2.75w +s — 15.1 (3) 
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Cuartl. Surface areas for increasing weights at constant heights. 
Curves A, B, and D represent the surface area at a constant height of 151 
em. plotted for increasing weights; Curves C, E, and F are similar for a 
constant height of 200cm. Curves A and E are the surface areas calculated 
by the Du Bois height-weight formula and are the same for men and women 
(S. A. = 0.007184 &K w °-4%5 & gs 9.72%). Curves D and F are the surface 
2.75 w+s -- 15.1 

190 
the Harris and Benedict heat prediction formula formen. Curves B and C 


a 5.17 w+s-+ 301 


are the surface areas calculated by the formula} S.A. = ) ‘ 
480 


derived from the Harris and Benedict heat prediction formula for women. 
Similar curves plotted for intermediate heights are not indicated because 
it is evident that they would show correspondingly smaller variations in 
the surface area as calculated by the three formulas. 
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Similarly for females: 
h = 655.0955 + 9.5634w + 1.8496s — 4.6756a (4) 


and by substitution of constants 


655.0955 + 9.5634w + 1.8496s — Ks 
S.A. = K, 


where K3 = 98.19 which is 4.6756 (the Harris and Benedict age factor for 
females) X 21 years and K, = 888 which is 37.0 calories per square meter 
(the Du Bois standard for females 21 years old) X 24 hours. By factoring 
and dropping insignificant figures this formula may be simplified to: 

_ 5.17w +s + 301 


S.A. = 430 (6) 


(5) 


Formulas 3 and 6 are comparable to the height-weight formula 
for surface area of Du Bois and Du Bois. 


S.A. = 0.007184 w®-4? & 89-725 (7) 


In order to test the accuracy of these formulas we have utilized 
the group of subjects studied by Benedict in the development of 
his photographic method and also the group whose surface areas 
were accurately measured by means of molds by Du Bois. In 
Table II are assembled the surface areas for these subjects cal- 
culated by (1) the formulas derived from the Harris and Benedict 
formulas for the prediction of total calories in men and women 
(Formulas 3 and 6); (2) the Du Bois linear formula; (3) the Du 
Bois height-weight formula; (4) Benedict’s photographic method; 
and (5) the actual measurement by molds. An examination of 
Table II shows such slight differences in normal adults between 
the surface areas as calculated by the various methods that it is 
doubtful as to which formula is the most accurate. The prac- 
tical conclusion which is revealed in Table II is that the surface 
area formulas derived from the Harris and Benedict correlation 
formulas for the prediction of basal heat production are possibly 
nearly as good for the estimation of the surface area within the 
average ranges of adult height and weight as is the Du Bois 
height-weight formula. The surface area for infants, however, 
cannot be predicted by the derived Harris and Benedict formula 
for females, as illustrated by Anna M.; also it cannot be extended 
to short subjects like Benny L. There also is a considerable 
discrepancy in Subject 19 who is likewise rather short. 
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The following statement of Benedict concerning the surface 
areas obtained by the photographie and by the Du Bois linear 
methods appears to us fully as applicable to a comparison between 
the surface areas obtained by the Du Bois height-weight formula 
and those calculated for normal adults by the formulas derived 
from the Harris and Benedict correlation formulas: ‘Comparisons 
between the photographed areas and the body surface as computed 
from the Du Bois linear formula show, even with the most 
diverse configurations of body, a constancy rarely observed 
in anatomical measurements or in computed ratios based upon 
such measurements.”’ 

A comparison similar to that for subjects shown in Table II may 
be made of the surface areas calculated by the Du Bois height- 
weight formula and by the formulas derived from Harris and 
Benedict’s heat prediction formulas throughout the entire range 
of Harris and Benedict’s tables. In Chart 1 are plotted curves 
for surface areas as calculated by the two methods for the extreme 
heights of 151 and 200 em. between the ranges of 25 and 124 
kilos for men and women. In Chart 2 are plotted the percentage 
variations of the Benedict curves from the Du Bois curves shown 
in Chart 1. From these curves it is evident that the greatest 
possible discrepancy between the two methods amounts to 19 
per cent if restricted to the limits given in the Harris and Benedict 
tables, and occurs in men who are very fat and extremely short 
for their weight. Near this extreme range, however, there is 
a discrepancy of —11 per cent between the area calculated by the 
Du Bois height-weight formula from that by the Du Bois linear, 
while there is only a +7 per cent discrepancy between the area 
calculated by the Benedict formula for males from that by the 
Du Bois linear as illustrated by Subject 1 in Table II. If it is 
assumed that the linear formula and the photographic method 
are the most accurate methods, then the surface area obtained 
from Harris and Benedict’s formula for men may, at these extreme 
ranges, predict the surface area with nearly the same accuracy 
as the Du Bois height-weight formula. Harris and Benedict, 
however, warn against the application of their formulas beyond 
the ranges given in their table, thus creating the suspicion that 
likewise the extreme ranges utilized are also open to question. 
The direction and position of their curves for women in relation 
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Cuart 2. Percentage variation of the surface areas as calculated by 
the derived Harris and Benedict formulas from that calculated by the 
Du Bois height-weight formula. Curves A and B represent the percentage 
variation of the surface area as calculated by the Harris and Benedict 
formulas for men from that calculated by the Du Bois formula as shown 
in Chart 1. Curve A is for a constant height of 200 em. and Curve B is 
for a constant height of 151 em. Similarly for women, Curve D represents 
the percentage variation of Curve B from Curve A of Chart 1 (height 151 
em.) and Curve C the percentage variation of Curve C from Curve E of 
Chart 1 (height 200 cm.). These curves illustrate the extreme limits of 
the percentage variation of the surface area as calculated by the formulas 
derived from the Harris and Benedict heat prediction formulas (for any 
height or weight included in their tables) from the surface area as calculated 
by the height-weight formula of Du Bois and Du Bois. 
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to their curves for men indicate why prolongation, especially of 
the formula for women, leads to improbable values for the surface 
area. It seems likely that that formula is best within limits 
which also allows with equal accuracy an extension beyond those 
limits. Chart 1 also reveals the peculiar fact that according to 
Harris and Benedict the value of the height-weight factor is for 
a woman 151 em. in height and 25 kilos in weight, 9 per cent larger, 
while for a woman 200 em. in height and 25 kilos in weight this is 
2 per cent smaller than for a man of similar size; likewise 
for a woman 151 em. in height and 124 kilos in weight, this 
height-weight factor is 9 per cent smaller, and for a woman of 200 
em. and 124 kilos in weight it is 17 per cent smaller than for a man 
of similar size. Harris and Benedict have as yet offered neither 
a reasonable explanation, nor sufficient experimental proof, to 
justify the embodiment of such a peculiar variation of the effect 
of height-weight on the heat production between men and women 
as to incorporate the same into a formula for the prediction of 
standards of heat production. 

I'rom these curves it is evident, however, that usually nearly 
the same values for variation in height and weight are utilized 
in the prediction of heat production in subjects of average adult 
size, both by the heat formulas of Harris and Benedict and the 
formulas of Du Bois and Du Bois, regardless of the theoretic 
considerations of surface area underlying the derivation of the 
formulas. Certain discrepancies in the relationship between 
the Harris and Benedict formulas for men and women as men- 
tioned, however, indicate that the height-weight formula of 
Du Bois is of more general applicability. 

On the other hand, an analysis of the predicted total calories 
for the effect of age reveals marked discrepancies in the value 
allotted to the age factor by Du Bois and by Harris and Benedict. 
By basing his comparisons for age on calories for each square 
meter of body surface Du Bois makes the same percentage decrease 
in heat production in a small or a large subject for increasing age; 
Harris and Benedict on the other hand subtract exactly the 
same number of calories for a given increase in age, regardless of 
the size of the subject. For example, as illustrated by Chart 3, 
the Du Bois method predicts a 10 per cent reduction in the 
basal heat production for a man 70 years of age, of any size, as 
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compared with a man of a similar height and weight at the age of 
20 years; Harris and Benedict on the contrary predict that a large 
subject (124 kilos, 200 em.) will have a heat production 12.5 per 
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Cuart 3. The percentage decrease in the heat production for increasing 
age. Curve A for women and Curve D for men show the percentage 
decrease in heat production for small subjects with heights of 151 em. and 
weights of 25 kilos, as predicted by Harris and Benedict ; Curve B for women 
and Curve E for men are the percentage decreases according to Harris and 
Benedict in the heat production for advancing age, as predicted for large 
subjects with a height of 200 em. and a weight of 124 kilos. Curve C for 
women and Curve F for men illustrate the percentage decrease in heat 
production for increasing age, as predicted by the Du Bois normal stand- 
ards. It is to be noted that according to Du Bois the size of the subject 
does not alter the percentage decrease of the heat production for advancing 
age, while according to Harris and Benedict a much greater percentage 
decrease occurs in small than in large subjects. 
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cent less, and a small subject (25 kilos, 151 em.) will have a heat 
production 32 per cent less at 70 years of age as compared with 
similar subjects 20 years of age. It does not appear to be in 
accordance with the facts, nor does it seem logical to assume, that 
a small man will show more than twice the percentage decrease 
in heat production for advancing age than a large man. The 
formula for women shows this same peculiarity (Chart 3) but to 
a lesser degree. We believe that the Du Bois age factor is more 
in accordance with the data at present available than that of 
Harris and Benedict. | 

In his normal standards Du Bois makes the same percentage 
difference in heat production for sex at any constant age, regard- 
less of the size of the subject, because he bases his comparisons on 
calories for each square meter of body surface. In contrast, 
Harris and Benedict predict on the one hand a markedly lower 
heat production for large women than for similar sized men, but 
on the other hand they make the astounding prediction, which is 
contrary to their general conclusion, that the heat production of 
small women is greater than that of similar sized men. This 
peculiarity of their prediction formulas is illustrated in Chart 4, 
in which it is shown that, at the age of 21 years, a small woman 
(25 kilos, and 151 em.) will have a heat production 5 per cent 
greater, and at the age of 70, a heat production 22 per cent greater 
than that of a man of similar height and weight at those respective 
ages. The assumption of such a reversed effect of sex on the heat 
production in small as opposed to large subjects does not appear 
to us to be sufficiently established by the data at present available 
to justify its incorporation into a prediction formula, particularly 
since theoretically it seems much more likely that both age and 
sex affect the heat production of large and small subjects in the 
same direction and probably also in approximately the same 
degree. 

The larger discrepancies between the basal metabolic rate, as 
predicted from the formulas of Harris and Benedict and from 
those of Du Bois, result usually from a summation of the small 
discrepancies found for height and weight and the larger ‘ones 
for age and sex; in some instances there is entire agreement as to 
the value of the different groups of factors, while in others the 
discrepancies approximately balance one another, thus accounting 
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for the parallelism between the basal metabolic rate calculated 
by the Du Bois and by the Harris and Benedict standards, as 
found by Boothby and Sandiford and by Means and Woodwell. 

Constants for age and sex must always be used in the prediction 
of the basal metabolic rate, either by proper standards for varying 
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CuHart 4. Effect of sex on the heat production. Curve A represents 
the percentage variation of the basal heat production of a large woman 
(200 cm. and 124 kilos) from a similar sized man between the ages of 20 and 
70 years, as predicted by Harris and Benedict. Curve B is the prediction 
of Du Bois and is the same for all women, regardless of their size. Curve 
C is the percentage base line. Curve D is the prediction of Harris and 
Benedict for a small woman (151 em. and 25 kilos) as compared to a similar 
sized man. 


age and sex as done by Du Bois, or by the introduction of the 
constants directly into the formula as done by Harris and Bene- 
dict. Certain critics of the Du Bois surface area normal standard 
method neglect to emphasize the Du Bois standards for age and 
sex and refer simply to surface area, and they so state their 
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arguments that to the superficial reader it may appear that Du 
Bois does not utilize the age and sex factors in the prediction of 
the normal basal metabolism. Such an implication is as unwar- 
ranted as it would be to refrain from using appropriately the four 
tables of Harris and Benedict one of which is for height and age 
in men, another for height and age in women, while the third and 
fourth are for the weight of men and women, respectively. 

We, as well as all other recent writers, agree with Benedict 
that the rate of heat production is neither controlled by the area 
of the body surface, nor at the present stage of the evolution of 
man caused by the influence of cooling on the body; we also agree 
that in all probability the heat production is proportional to the 
active protoplasmic mass of the body for any given age and sex. 
However, as the protoplasmic mass of the body must be related 
to the total body nitrogen and since Moulton has shown that the 
surface area of beef cattle is a power function of the total body 
nitrogen, the formula being S = N°, there is direct experimental 
evidence to the effect that the protoplasmic mass ‘is proportional 
to the surface area. Furthermore, the constants of the height and 
weight as used by Harris and Benedict and by Du Bois and Du 
Bois, although derived by entirely different methods and from 
diametrically opposite theoretic considerations, lead to an estima- 
tion of the surface area in the average adult subject with prac- 
tically equal accuracy. This remarkable fact seems to us, when 
taken in conjunction with the average demonstrated parallelism 
in the basal metabolic rate as calculated by the two methods, to 
be additional evidence that the surface area is the most exact 
method at present available for estimating the active protoplasmic 
mass and in consequence the best method, in conjunction with 
appropriate standards of age and sex, for predicting the basal 
heat production. 


CONCLUSIONS. 


1. It is shown that there is remarkable agreement between the 
surface area calculated by the Du Bois surface area formulas 
and the formulas derived from Harris and Benedict’s bio- 
metric correlation formulas for the prediction of the basal heat 


production. 
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2. Since the factors for height and weight, as used by Harris 
and Benedict in their formulas for predicting the basal heat 
production, admit of the calculation of the surface area of subjects 
who have been measured by casts or Benedict’s photographic 
method with approximately the same variation as that between 
the Du Bois height-weight formula and the Du Bois linear formula, 
the contention of Lusk and Du Bois is strengthened that the 
basal heat production, for a given age and sex, is proportional 
to the surface area. 

3. As a marked difference exists between the Du Bois and the 
Harris and Benedict factors for age and sex, the major discrep- 
ancies between the basal metabolic rate as calculated from the 
two standards are due to the difference in values attributed 
thereto, especially when those of the latter are superimposed on 
the small differences obtained from the slightly different height- 
weight factors of the two methods. 

4. Harris and Benedict, in their correlation formula, assume that 
a small subject will show more than twice the percentage decrease 
in heat production for advancing age than a large subject, while 
Du Bois assumes that age affects alike both small and large people. 

5. Harris and Benedict assume a reversed action for sex, 
depending on the size of the subjeet, by predicting first that 
large men have a greater heat production than similar sized 
women and second that small women have a greater heat produc- 
tion than small men. 

G. Until Harris and Benedict prove that the effect of age and of 
sex is different in large and small men and women, and that small 
women have a greater heat production than small men, it is best 
to adopt the factors of Du Bois which are in better accordance 
with the evidence at present available, namely that age and sex 
produce at least approximately the same percentage alteration in 
different subjects, regardless of their size. 

7. The Du Bois formula for the determination of the surface 
area and the Du Bois normal standards of heat production for each 
square meter of body surface for age and sex are considered by 
us the best method at present available for predicting the normal 
heat production. 
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NORMAL STANDARDS FOR THE ESTIMATION 
OF THE BASAL METABOLIC RATE. 
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In the preceding paper we presented mathematical data which in 
our opinion indicate that the Du Bois normal standards based on 
calories for each square meter of body surface are the best so far 
advanced for predicting the basal heat production. We con- 
firmed the previous observation of Du Bois that the height and 
weight factors as utilized by Harris and Benedict in their heat 
formulas predict the surface area in the average person with an 
approach to the same accuracy as the Du Bois height-weight 
formula. It was further pointed out that there was considerable 
discrepancy between the values for age and sex as assigned by Du 
Bois and by Harris and Benedict and that those adopted by the 
former were in better agreement with the evidence at present 
available. 

The arguments advanced in that paper, however, need the 
support of further experimental evidence because, after all, 
standards cannot be maintained on mathematical considerations as 
opposed to experimental data. The object of this paper is to 
present in as brief a form as possible the basal metabolism data 
obtained in our laboratory from March, 1917, to January, 1922. 
During this time more than 25,000 basal metabolic rate deter- 
minations have been made on 8,614 subjects;! these results are 


‘Since going to press, an article by Means and Burgess has appeared 
(Means, J. H., and Burgess, H. W., Arch. Int. Med., 1922, xxx, 507) in which 
they report metabolism studies on a series of 1,000 cases. Their data and 
conclusions are in accord with ours as to the clinical significance of altera- 
tions in the basal metabolic rate. 
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TABLE 
Comparison of the Basal Metabolic Rate in 6,197 Patients with 
Thyroid Disorders. 


Percentage range. 
S 
per | per | per | per | per | per | per | per | per 
cent | cent | cent, cent | cent | cent | cent | cent | cent 
Exophthalmie goiter...... 2,569) 93 5 2T 
Recurrent exophthalmic | 

Adenoma with hyperthy- | 

32§ 

Recurrent adenoma with 

hyperthyroidismt....... 46, 57 | 17 26 | 
Adenoma without hyper- | 

1,111 | 100 | 
Reeurrent adenoma with- | 

out hyperthyroidismf... G2 9; 8 2 
Colloid goiter|!............ 328 3 10 | 6 
Postoperative myxedema. . 41 46 o4 
Questionable hypothyroid- 

| 86 9 61 30 
| 21 32 47 
| 32 12 35 12 9 
Malignant thyroid ........ | 45, 22 9 7 2 
Total No. of cases........ 6, i | | 

| 


* The 8,614 cases summarized in Tables 1 and II represent all patients 
on whom tests were made from March, 1917 to January, 1922 with the excep- 
tion of 87 in which a positive diagnosis of the presence of hyperthyroidism 
was not reached. Two of the 87 patients had metabolic rates between 
—15 and —11 per cent; thirty-one between —10 and +10 per cent; thirty- 
five between +11 and +20 per cent; and nineteen above +20 per cent. 
About one-half of this group had but one metabolic rate determination. 

In a consideration of the significance of Tables I and II, the probability 
of errors in the determination of the basal metabolic rate must be evaluated. 
We estimate that in routine work in our laboratory there is a material error 
in about 1 per cent of the determinations and in an additional 5 per cent 
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summarized in Tables I and II, and a few illustrative charts are 
given. The outstanding fact is that 77 per cent of all patients 
other than those with disorders of the thyroid had basal metabolic 
rates within the restricted Du Bois normal limits of +10to —10 per 
cent; 90 per cent had basal metabolic rates within +15 to —15 
percent. The high percentage of normal results is most significant 
when it is considered that all, except 127 of the subjects who com- 
prise our normal group, had a functional or organic disease. 
Tables I and II include all patients on whom tests were made 
except the 87 referred to in the asterisk (*) footnote to Table I. 


of the tests slight errors occur, the result of which is to place the patient 
either in the next higher or lower group, as arranged in the table. In 
about one-third of the patients with thyroid disorders only one determina- 
tion was made and approximately one-half the patients who had other 
diseases, not involving the thyroid, had only one rate. 

If in any group 100 typical cases with unquestioned diagnosis are 
selected and on whom sufficient basal metabolic rate determinations are 
made so that all errors are excluded, such a series will usually show a 99 
per cent agreement with the characteristic metabolism for that condition. 

+ With a few exceptions the patients with exophthalmic goiter having 
basal metabolic rates below +20 per cent came under our observation 
during a period of remission. 

t The patients listed under recurrent exophthalmic goiter and recurrent 
adenoma, with and without hyperthyroidism, include those who had had 
a previous partial thyroidectomy before any metabolism studies had been 
made in our laboratory and in whom the question of the necessity for 
further operative treatment was under consideration. 

§ A basal metabolic rate of +10 per cent has been taken arbitrarily 
as dividing patients with adenomatous goiter into the groups with and 
without hyperthyroidism. While all cases with basal metabolic rates 
below +10 per cent are unquestionably not hyperthyroid, it cannot be 
assumed that all those with basal metabolic rates slightly above +10 
per cent are necessarily hyperthyroid; unfortunately this group when 
tabulated was not subdivided at +15 per cent as was done in some of the 
other groups. 

| The cases grouped in the table under colloid goiter include a con- 
siderable and unknown proportion of cases of colloid adenoma because in 
the earlier cases of the series less attention was directed to making a cor- 
rect differential diagnosis than is at present exercised. 

© Only rarely does a cretin come under our observation who bas not 
had thyroid medication; therefore the results presented in the table cannot 
be considered as the average of a group of untreated cases. Furthermore, 
the normal standards for children are not yet as accurately established as 
are those for adults. 


| 

| 

| 

i 

ry 


TABLE II. 
The Basal Metabolic Rate in Conditions Not Due to Thyroid Disorders. 
Percentage range. 
a 
beer 1 2 
per | per | per per per | per per per 
cent | cent | cent | cent | cent | cent | cent cent 
127 3.2} 92.1) 4.0) 0.7 99.3 
ee 31 6.4) 93.6 100.0 
Chronic nervous exhaustion.|} 267 1,2} 2.3) 87.3} 8.6) 0.7 98.2 
Neurasthenia............... 384 0.3} 3.6 84.3) 9.4; 1.4; 1.0} 97.3 
94; 1.1) 3.2) 6.4) 80.7| 7.5) 1.1 94.6 
_ 36 2.7|11.2| 77.8) 8.3 97.3 
Essential hypertension...... 170 0.6) 73.0)15.8, 7.2; 89.4 
Cardiac neurosis............| 99 1.0} 2.0) 83.9|10.1) 1.0) 2.0) 96.0 
10 80.0/10.0 10.0} 90.0 
Endocarditis. .............. 56 1.8) 80.4) 5.4) 1.8) 10.6) 87.6 
0 55| 1.8 3.6) 81.9/10.9 1.8) 96.4 
| 4 100.0 100.0 
Congenital heart............ 5 80.0/20.0 100.0 
127| 4.0) 1.6) 3.2) 72.4/12.6) 4.0) 2.4) 88.2 
Hodgkin’s disease........... 1 100.0 
34| 3.0) 3.0) 8.9) 61.7/17.6) 2 2.9} 88.2 
Gastrointestinal............ 98} 1.0) 1.0) 3.1) 85.7| 4.1) 5.1 92.9 
Gynecological.............. 96} 1.0) 2.1) 6.3) 81.3) 4.1) 5.2 91.7 
0 5.0 55.0/10.0/10.0) 20.0} 65.0 
Dermatological............. 43) 2.3 14.0} 79.1) 4.6 97.7 
30 70.0/10.0)10.0} 10.0} 80.0 
10 10.0) 70.0 20.0) 80.0 
65/16.9) 6.2/10.7) 63.1) 3.1 76.9 
Acromegaly................ 30} 3.3 3.3) 43.4/13.3)10.0) 26.7) 60.0 
Hypopituitarism............ 5812. 1/25.9)15.5) 34.5) 5.2) 3.4) 3.4) 55.2 
Paget’s disease............. 6 66.7)16.7 16.6} 83.4 
Addison’s disease........... 13|15.4 7.7| 69.2 7.7| 76.9 
Polycythemia............... 2 50.0 50.0} 50.0 
Secondary anemia.......... 30 ‘3.3 80.0)13.4 93.4 
Anemia, splenic and perni- | 
Leucemia, lymphatic and 
myelogenous.............. 16 6.3} 6.3 87.5) 12.6 
Questionable ductless glands.| 24! 8.3) 8.3/16.6| 58.4 8.4} 75.0 
Sclerosis of central nervous 
system; tabes............. 20 90.0/10.0 100.0 
68/17.7)10.3) 7.3) 52.9 9.9) 5.9) 60.2 
69} 2.8) 2.8) 5.7] 75.3)11.6] 1.4 92.6 
Miscellaneous, not thyroid..; 178 2.7) 5.6] 77.1} 8.4) 4.0) 2.2) 91.1 
Total ‘No. of cases.......... 2,417) 2.1] 2.2) 4.6) 77.1} 8.3) 2.6) 3.1) 90.0 
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In Table I are tabulated the basal metabolic rate findings in 
diseases of the thyroid and in Table II of all conditions other than 
of the thyroid, including such diseases as the leucemias which are 
characterized by abnormal basal metabolic rates. A study of 
these tables reveals most convincing evidence that the basal 
metabolic rate is characteristically normal in all except a few 
specific diseases. 

In our laboratory, metabolic rates are obtained by the open or 
gasometer method with analysis of the expired air by the Haldane 
gas analysis apparatus. Original readings are made in duplicate 
by two observers. Two analyses are made of the expired air, and 
the results are accepted if they agree within 0.04 per cent for 
carbon dioxide and 0.06 per cent for oxygen; additional analyses 
are required if there is a greater discrepancy. The calculations 
are made by four place logarithms and checked by the nomographic 
chart method. Repeated outdoor air analyses, of which per- 
manent records are kept, are made at stated intervals with each 
Haldane apparatus and by each analyst; similarly, analyses of a 
common sample of expired air are frequently made by all analysts. 
A very definite routine, described in detail in our laboratory 
manual has been adopted with the intent of reducing technical 
errors toa minimum. Asa result we feel that accidental technical 
errors except those due to loss of expired air from an improper 
application of the face mask are of very rare occurrence. A 
material error from the cause mentioned occurs in approximately 
1 per cent of the tests and always causes a lowering of the metabolic 
rate. 

Technical errors are, however, a much less common source of 
inaccuracy than failure to obtain the metabolic rate under absolute 
basal conditions. A basal determination is not obtained if the 
subjects fail to cooperate, or are nervous and worried over the 
procedure as they are apt to be in the first test. Under such 
conditions the observed metabolic rate may be from 5 to 30 
per cent too high. Therefore, a first test with an observed metab- 
olic rate between +10 and +20 per cent will probably be lowered 
to within the normal limits of variation if the test is repeated 
a sufficient number of times to obtain a true basal metabolic 
rate. In the various groups reported in Table II, in which there 
are a few slightly elevated rates, experience has convinced us that 
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nearly all would have been normal if a sufficient number of tests 
had been made on those subjects to eliminate temporary (non- 
basal) elevations. ‘These temporary elevations of the metabolic 
rate are, in clinical work by far the most confusing factor in the 
estimation of the significance of the basal metabolic rate and are 
of great importance in the consideration of data such as are 
presented in this paper. Nothing the subject does or fails to do, 
except deep sleep, can depress the metabolic rate, whereas any 
slight disturbing condition such as a headache, pain, discomfort, 
excitement, restless or uneasy sleep the preceding night, fear, 
movements, fever, surreptitious ingestion of food, or innumerable 
other factors may, in certain cases, cause an appreciable elevation. 

The cause of the temporary elevation in the metabolic rate is not 
definitely known aside from that due to fever, food, and muscular 
movement. Aub has pointed out that with the exception of the 
thyroid and adrenal glands there is at present no evidence that any 
other ductless gland produces a demonstrable calorigenic reaction. 
Plummer and Boothby have shown that these rapid fluctuations in 
the metabolic rate cannot be accounted for in man by corresponding 
variations in the thyroxin concentration in the tissues because the 
maximum effect of a single intravenous dose of 10 mg. of thyroxin 
is not usually reached until between the 5th and 10th day after 
administration and it takes as a rule several weeks for the reac- 
tion entirely to disappear. In some instances these temporary 
elevations are probably due, as suggested by Aub, to the emotional 
stimulation of the adrenal glands resulting in a discharge into the 
circulation of an excess of adrenalin secretion. This explanation 
is in accordance with our observations as we have shown that 
adrenalin, when injected into dogs in quantities within the ac- 
cepted power of the adrenal glands to secrete, produces a definite 
calorigenic reaction; the alteration in heat production under such 
conditions is an increase of from about 5 to 20 per cent, which 
is of the same average order of magnitude and duration noted 
in these temporary elevations met with occasionally in clinical 
work. Elevationsof this typeinthe observed rate must be carefully 
differentiated from true elevations of the basal metabolic rate. 

In Chart 1 are plotted the basal metabolic rates, computed from 
the Du Bois surface area standards, obtained on 127 subjects 
whom we consider ‘‘normal”’ because they had passed through a 
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eareful clinical examination without revealing any evidence of 
disease that could in any way affect their metabolism. The 
criticism that these subjects were practically all ‘‘patients’’ and 
came for examination because they thought they were, or might be, 
ill is effectively offset by this careful negative examination; 
several of the subjects had bad teeth, tonsils, a hernia, or other 
mechanical fault, all of which, as is recognized, could in no way 
affect the metabolism. Of the 127 subjects plotted on the chart, 
109 had only one metabolic rate determination; none of those with 
results between +11 and +15 per cent or between —11 and —15 
per cent, and only eighteen of those between +10 and —10 per 
cent had more than a single test. In Chart 2 are plotted the basal 
metabolic rates, computed from the Harris and Benedict standards, 
of the 102 subjects in Chart 1 who are 21 years, or more, or age. 

In Table III are given the essential data with regard to this 
group of 102 normal subjects who are 21 years, or more, of age. 
The most interesting evidence in this table is the fact that the 
surface areas agree in most instances within 1 per cent, as calcu- 
lated by the Du Bois height-weight formula and by the Harris and 
Benedict formulas derived according to the method given in the 
preceding paper; in only one case does the surface area as calcu- 
lated by the two methods differ by as much as 5 per cent. The 
variations in the height-weight factors are in all cases so slight that 
the maximal alteration in the metabolic rate from the difference 
in value of these factors expressed as surface area is never more 
than 6 points from that calculated by the Du Bois height-weight 
factors for surface area, and is usually very much less. On the 
other hand, considerable variation is caused in many instances by 
the difference in value between the two standards for the factors of 
age and sex. These variations in the age and sex factors develop 
differences of at least 5 and possibly 14 points in the basal metabolic 
rate in a considerable proportion of the cases. The basal metabolic 
rates, as calculated by both methods, however, are in agreement 
when there is a cancellation of the variations of height and weight 
by the age and sex factors, or when all factors of both methods are 
of practically equal value. 

We have also calculated a table similar to Table III, using the 
data reported by Harris and Benedict (their Tables C and D) 
for their 136 normal men and 103 normal women. The calcu- 
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| Surface area. 
Calories 
No, Sex. Age. | Height. | Weight. DuB ois®| Harris De Bois — 
et| Stand- |Benedict 
ards. stand- 
formula. | formula. 
cm. ky. sq. m, sq.m. | percent | percent 
1 F 21 | 156.5 55.6! 1,485 | 1.5 1.55 | +5 +4 
2 “ 21 | 164.5| 48.0| 1,483! 1.50! 1.49] +11 | +12 
22 | 162.0} 64.6] 1,354; 1.68] 1.66] 
22 | 153.5 | 47.0/ 1,330! 1.42] 1.45] +5 +3 
22 | 160.6} 73.9| 1,612 | 1.77] 1.76] +3 +4 
22 | 159.5 51.2 | 1,489] 1.51] 1.51] +7 +8 
| “ 23 | 170.0! 56.1! 1,390! 1.64] 1.59] —4 
a 24 | 166.7! 83.9! 1,641! 1.93] 1.88] —4 
* 24 | 157.9| 57.7| 1,274| 1.57] 1.58] —8 —§ 
24 | 155.5 67.2 | 1,529| 1.66} 1.68] +4 +4 
1 6“ | 25 | 161.9} 46.5] 1,294] 1.46] 1.47 | +1 
25 | 154.6) 37.0] 1,303 | 1.28} 1.35} +15 | +11 
25 | 158.6} 69.1} 1,461 | 1.70] 1.7 —3 
“i; * 25 | 165.6! 57.5 | 1,342| 1.64] 1.59; -8 | —4 
27 | 164.0; 45.6] 1,330! 1.46] 1.46; +3 +5 
6 | “ 27 | 167.5 60.0} 1,551} 1.66| 1.62} +5 | +10 
17 27 | 168.5 65.3 | 1,598 | 1.7 1.68 | +4 49 
IS 27 | 154.4 67.5] 1,434! 1.66| 1.68] —3 
9 | « 28 | 163.7} 68.6] 1,461 | 1.75 | 1.71} —6 
20 | « | 30 | 164.4} 66.1| 1,466] 1.72] 1.68} —3 | 41 
31 | 155.5 | 66.8 | 1,428] 1.65} 1.67] —1 
22 | 32 | 163.9 | 54.8] 1,248 | 1.458 | 1.56 | —10 —6 
| 32 | 166.3 55.0] 1,410!) 1.61 | 1.57 0 +5 
| « 32 | 152.0| 49.0] 1,191 | 1.43] 1.47] —5 —§ 
25 as 33 | 161.1 | 49.5] 1,450/ 1.50] 1.50} +10 | +14 
24} 33 | 164.9! 69.8] 1,485 | 1.77} 1.72} —4 
27 33 | 157.0 | 45.3} 1,233 | 1.42] +1 
2s | « .| 34 | 165.0] 52.8] 1,500] 1.56] 1.54] +10 | +15 
29 34 | 161.6 | 69.2 | 1,417] 1.73] 1.71| —7 
| 35 | 162.0} 53.41 1,343) 1.55] 1.54] +9 
36 | 153.9} 63.8 | 1,448! 1.61] 1.64} +3 +5 
2 | “ 36 | 161.1 | 56.3} 1,295) 1.58] 1.57 | —7 
33 36 | 163.0} 64.0] 1,597 1.68] 1.66} +8 | +14 
34 36 | 172.0} 92.1] 1,818 | 2.04] 1.98) +2 +8 
35 37 | 160.6 | 61.7 | 1,367] 1.64; 1.63 | —5 0 


* The Du Bois surface area is obtained by using a nomographic chart 
and, therefore, may vary from a mathematically calculated area by 
approximately 1 per cent. 
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TABLE WI—Continued. 


50 


Age. 


Height. 


mm 


— 


| 
| 
| 


| Weight. 


92. 
49 


ost 
Ww oD 


Calories 
for each 
24 hrs. 


P 


wh 


t 


BD 
er) 
So 


Surface area. 


Basal metabolic 


rate. 
Du Bois | Harris _| 
height- and. Benedict 
weight | Benedict re stand- 
formula. | formula. ann. 
sq. Mm. sq. m. percent | percent 
1.42; 1.45! +42 +4 
1.68 1.59 —1 +5 
1.¢0 1.€0 —1 +4 
1.67 1.65 2 +8 
1.59 1.60 —7 —3 
1.55 1.55 2 +7 
1.52 1 54 +4 +7 
1.52 1.54 0 +4 
1.66 1.€4 —3 +2 
1.73 1.77 +4 +5 
2.08 1.99 +3 
1.45 1.48 —1 2 
1.7 1.67 0) +8 
1.97 1.92 —3 +4 
1.7 1.70 —7 +1 
1.82 1.78 —1 5 
1.53] 1.53 | +10 | +16 
1.98 | 1.94} +1 
1.76 | 1.75 | +2 +7 
1.44 1.45 —1 +5 
1.45 1 50 +6 +9 
1.50 | 1.48; +11 | +20 
1.46 1.46 —7 0 
1.73 | 1.70 —3 +4 
1.45 1.47 +7 +14 
1.41] 1.44) +8 | +17 
1.76 | 1.76; +11 | +11 
1.7 1.73 | +10 +12 
1.95} 1.97} +1 +1 
1.77 1.7! —2 —2 
1.82 1.80} 410 +11 
1.67 1.67 +¢ +8 
1.68 1.61 +2 +4 
1.68 1.66 +6 +9 
1.96 1.96 | +6 +7 
1.88 | 1.88 | +7 +8 
1.66 1.68 +6 +7 


| 
No. | Sex. | | 
; om, mA 
36. | F. | 37 | 156.0! 46.2 | 1,264 | 
37 | “ | 37 | 167.5! 56.9 | 1,408 | 
38 | “ | 39 | 160.0] 59.3 | 1,386 | 
| * | | 160.1] 64.4} 1,408 | 
40 | “ | 39 | 154.5 | 60.6 | 1, 302 | 
aa | “ | @ | | 1, 382 | 
az | “ | | 154.5] 56.0 1,377 | 
| 39 | 153.0) 55.5 | 1, 333 | 
| 165.1 | 61.8 | 1, 386 | 
45 | “ | 42 | 151.8 | 76.5 |:1, 552 | 
46 | “ | 43 | 176.6] a: | 1,712 | 
47 | “ | 43 | 153.5] Milla | 1,230 | | 
48 | “ | 46 | 163.3) 64.9 | 1,467 | : 
9 | “ | 46 | 168.7 | 86.9 | 1,651 | 
= | 68.0 | 1,401 | 
| 50 | 165.8] 74.5 1, 512 | 
52 | “ | 50 | 160.0} 52.7 | 1,411 | | 
53. | “ | 52 | 165.5} 90.0! 1,601 | | 
| 73.3 | 1,510 | 
| 44.7 | 1,197 | 
56 | | 51.7] 1 | | 
57 | | 53 | 165.7] 47.4] | 
58 | “ | 55 | 160.3| 46.4 | 
59 | “ | 55 | 166.2} 67.0} 1 
i* | 47.3) 1 
| 67 | 45.9} 1 | 
62 | M. | 22 | 168.3) 66.3] 1 
63 | “ | 23 | 173.1] 61.9 | 
| « | 93 | 177.7) 76.9| | 
65 | | 23 | 168.7 | 67.6 | | 
66 | “ | 23 | 180.0| 64.6] | 
67 | “ | 94 | 168.9] 59.2} 1, | 
68 |“ | 24 |172.0| 54.21 1,0 
69 | « | 25 | 171.0] 58.0/ | 
70 | “ | 25 | 180.2 | 4, 
* | | | 1, 664 | | 
Viihs 
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No. Sex Age. eight. eight. h Du Bois aris 
weight | Benedict 
formula. | formula. ee 
cm, ky. sq. m. sq.m. per cent | percent 
73 M. 27 | 173.4 | 56.7 | 1,644) 1.68 | 1.65) +3 +8 
74 27 171.0 |} 62.0 | 1,675 | 1.73 172 | +2 +a 
75 28 171.8 | 70.4 | 1,773 1.81 1.85 |} +83 +4 
76 me 29 161.3 | 64.9 | 1,588 1.67 1.71 0 +1 
77 ” 31 167.6 | 57.8 | 1,595 1.66 | 1.64 +1 +7 
78 ' 31 169.0 | 68.2 | 1,524 1.7 1.80 —9 —7 
79 " 32 | 170.9}; 60.8 | 1,679 | 1.71 1.70 | .+4 +9 
80 33 | 162.5 | 68.0} 1,680) 1.7 1.76 | +3 +5 
81 34 | 177.7} 66.9; 1,588; 1.83] 1.83 —§ —4 
82 - 35 175.0 | 61.0 | 1,656 1.73 1.72 +1 +-7 
83 ™ 35 173.2 | 66.0 | 1,745 1.79 +3 +9 
84 35 172.2 70.5 | 1,748 1.82 1.85} +1 +5 
85 35 | 173.1 | 70.4 | 1,658 1.84 1.85 0 
86 - 37 172.9 | 67.8 | 1,680 1.81 1.81 —2 +4 
87 38 | 164.0 | 54.6} 1,524] 1.58 1.57 +2 +10 
88 39 170.0 | 82.0 |} 1,776 1.92 | 2.00 —2 0 
89 ” 39 172.0 | 51.8 | 1,382 1.60; 1.58 —9 +1 
90 - 39 180.8 | 72.7 | 1,827 1.92 1.93 0 +s 
91 7 40 180.0 | 89.9 | 1,854 | 2.09 | 2.17 —4 —d 
92 ° 43 172.3 | 70.2 | 1,773 1.83 1.84 +5 +11 
93 44 | 181.0} 71.3 | 1,830; 1.91 1.91 +4 | +11 
94 ” 45 167.1 67.5 | 1,593 1.75 1.78 —2 +4 
95 - 47 175.0 ; 68.8 | 1,908 1.84 1.84 | +12 +21 
96 ” 51 177.4 | 62.0 1,404 1.78 1.75 | —13 —4 
97 D4 178.4 | 78.8 | 1,535 1.97 | 2.00 | —13 —8 
98 " 57 182.6 | 67.0 | 1,730 1.87 1.85 | +3 +14 
99 ” 58 169.0 | 58.2 | 1,398 1.65 1.65 —6 +5 
100 ” 58 154.3 | €0.8 | 1,526 1.58 1.61 +7 +19 
101 38 179.0 | 78.0 | 1,690 1.97 1.99 +3 
102 ” 60 169.5 | 53.2, 1,445 1.61 1.59 +2 +16 


lation of the surface area by the formulas derived from the 
Harris and Benedict heat prediction formulas gives on their own 
subjects a figure almost identical with the surface area obtained 
by the Du Bois height-weight formula. Space prevents the 
reproduction of this table but it can be summarized as follows: 
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The average surface area for the 136 normal men according to 
the Du Bois height-weight factors is 1.76 square meters and 
according to the Harris and Benedict height-weight factors for 
men is also 1.76 square meters; for the 103 normal women the 
Du Bois factors give an average of 1.59 square meters and the 
Harris and Benedict factors for women, 1.57 square meters; the 


TABLE IV. 


Summary by Decades of the Essential Data on 102 Normal Persons. 


Basal metabolic 
Total Surface area. ohn 
No of 
Decade. cases. | Height.) Weight. 
Du and Du and 
Bois. | Bene- | Bois. | Bene 


dict. | dict. 
Females. 
cm, ky. sq.m. | sq.m. | percent| percent 
21-29 19 | 161.3) 59.1 | 1.61 | 1.60 | +0.9) +2.3 ) 
30-39 24 160.5) 59.3 | 1.61 | 1.60 | —0.4) +3.6 
40—49 7 163.4) 71.4 | 1.76 | 1.74 | —2.1) +3.6 
50-59 4) 161.8) 60.9 | 1.63 | 1.62 | +1.4) +7.4 
60-69 2 156.5) 46.6 | 1.43 | 1.46 | +7.5)415.5 
61 161.2) 60.4 | 1.62 | 1.61 | +0.3) +4.2 
Males 
21-29 15 172.0) 64.7 | 1.76 | 1.76 | +4.8' +6.3 
30-39 4 171.6) 65 6 | 1.76 | 1.77 | —1.4 +3.8 
40—49 5 175.0) 73.5 | 1.88 | 1.91 | +3.0) +8.6 
50-59 6 173.5) 67.5 | 1.80 | 1.81 | —4.5) +4.8 
60-69 1 169.5! 53.2 | 1.61 | 1.59 | +2.0'+-16.0 
41 172.4; 66.2 | 1.78 | 1.79 +1.0 +5.7 
Average for males and | 
ee 165.7 62.8 | 1.69 | 1.68 | +0.6 +4.8 


individual variations are of approximately the same order of 
magnitude as shown in our own series given in Table III. 

In Table IV is given the grand average of the 102 normal 
persons, and the average for each decade according to sex. The 
average surface area for the entire group calculated by the Du 
Bois height-weight formula is 1.69 square meters and by the 
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Harris and Benedict factors, 1.68 square meters, a negligible 
variation of 0.6 per cent. The average basal metabolic rate by the 
Du Bois method is +0.6 per cent and by the Harris and Benedict 
+4.8 per cent, again showing that the main variation in the results 
is due to a discrepancy in the age-sex factors and not to a funda- 
mental disagreement in the values for the factors of height and 
weight. 
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On Chart 3 are plotted the basal metabolic rates according to the 
Du Bois method for thirty-one patients who had severe migraine, 
but were otherwise entirely normal. It shows an even better 
percentage of cases falling within the Du Bois limits of normality 
and only eight had more than one rate. On Chart 4 are plotted 
the basal metabolic rates of 267 patients with chronic nervous 
exhaustion, and on Chart 5 the rates of 384 patients with neur- 
asthenia. These two groups are essentially similar, as some of 
our clinicians prefer one term and some the other, although as a 
rule under the latter term are included the more easily excitable 
patients. This difference in temperament is illustrated by the 
tendency for the first metabolism test to be slightly higher in 
the latter group; only about one-fourth of these patients had 
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more than one rate. Chart 6 illustrates the tendency of a single 
clinical determination in certain persons with cardiac neurosis to 
be above the present Du Bois normal standards, while the rates in 
obesity, as shown in Chart 7, show an opposite tendency. Charts 8 
and 9 serve to illustrate the metabolic rate findings in patients 
with gynecologic and gastrointestinal diseases. 

TABLE V. 


Comparison of the Surface Area and Basal Metabolism as Calculated by the 
Du Bois and by the Harris and Benedict Methods in 455 Persons. 


Total Surface area. 
No. of 
Sex. cases. | Height.| Weight. 
Du and Du and 
Bois. | Bene- | Bois Bene- 
dict dict. 
Chronic nervous exhaustion. 
cm, ky. sq.m. | sq.m. |percent |per cent 
222 162.4) 53.8 | 1.56 | 1.55 | +1.2) +5.0 
27 172.6) 60.6 | 1.71 | 1.71 | +1.0 +5.7 
‘“ and females......... 249 163.5) 54.6 | 1.57 | 1.56 | +1.2) +5.1 
Migraine. 
o7 | 161.3! 55.2 | 1.56 | 1.56 | —1.0| +3.1 
2 174.0) 66.0 | 1.79 | 1.79 | +3.5)/+12.5 
femaies......... 29 162.1) 56.0 | 1.58 | 1.57 | —0.7) +3.8 
Obesity. 

61 161.9} 96.1 .99 | 2.00 | —0.8) +1.5 
12 173.3/105.3 | 2.17 | 2.36 | +0.1) —3.9 
and females.........| 73 | 163.7! 97.6 2.02 | 2.06 | —0.7) +0.5 
Normals. 

61 161.2} 60.4 | 1.62 |} 1.61 | +0.3; +4.2 
41 172.4) 66.2 | 1.78 | 1.79 | +1.0) +5.7 
‘* and females......... 102 | 165.7; 62.8 | 1.69 | 1.68 | +0.6; +4.8 


Tables similar to Tables III and IV have been made for the 
cases of chronic nervous exhaustion (249), migraine (twenty-nine), 
and uncomplicated obesity (73) that fall within the limits of the 
Harris and Benedict tables. It is impracticable to publish these 
in full; therefore, only the averages for the males and females are 
given in Table V. The surface area for any group is almost 
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TABLE VI. 


Comparison cf the Basal Metabolic Rate as Calculated by the Du Bois and by 
the Harris and Benedict Methods in 455 Persons. 


Percentage range. 


—5to+5 


+ Ilto+ 15 


+ 16 to + 20 
— 10to+ 10 
— 15to+ 15 


Above + 20. 


— l0to—6 
+ 6to +10 


Total cases 
Below — 20. 
— 20 to — 16 


Chronic nervous exhaustion. 


| per! per | per | per| per| per | per | per| per | per | ner 
lcent cent jcent 'cent jcenticent cent) cent 


Du Bois. _ Female 222 3} 13) 52) 23) 70.5 88) 98 
7 | 15) 52); 7) 19 74/100 
and female..../249. | 1) 4] 13] 52) 21) 810.4 87} 98 
Harris | Female............ 292 0.5) 2| 5] 45] 25| 17] 5] 1! 741 93 
and | 11} 26; 33) 22) 7 70} 93 
Benedict. “ and female..../249 0.4) 2| 6) 43) 26) 18; 6) 1) 74) 938 
Migraine. 
Du Bois. | | 19) 56) 19 93) 100 
| and female 29 71:17) 59) 17 93/100 
Harris Female............ | | | 45] 52} 19] 15 85] 100 
and | Male............... 100 0/100 
‘Benedict. “ and female....} 29 | | 14| 48) 17} 21 79|100 
Obesity. 
Du Bois. | Female............ 61 2/31/7111 52l 8 95 
1? 8 | 25| 50} 8| 8 83/100 
“ and female....| 73 1|3 | 7 | 14} 52) 15) 8 81) 96 
Harris 61 2;8); 8 46) 20; 15) 2 74| 97 
and A 17 | 17| 58; 8 83/100 
Benedict. “and femaie....; 73 1 10; 48; 18; 12) 1 75| 97 
Normals. 
Du Bois. | Female............ 16; 66) 13) 5 95/100 
5 10) 61; 19) 5 90' 100 
“ and female..../102; 2/1] 14) 64, 16) 5 93/100 
Harris | Female............ | 5| 64] 10} | 85) 95 
and 5) 44) 29) 15) 5) 2) 78} 93 
Benedict.| “ andfemale....{102); 5} 56) 22) 12) 5} 1) 82) 94 


In the calculations the percentages were carried to two decimal places. 
In the table the nearest round numbers have been used, thus explaining 
apparent slight discrepancies in the addition of the percentages. 
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identical, whether calculated by the Harris and Benedict or the 
Du Bois formula. The least variation in the basal metabolic 
rate is in the group of obese persons, because, as shown in the 
previous paper, the age and sex factors of Du Bois and of Harris 
and Benedict are in much closer agreement for large than for small 
subjects. In Table VI are given the percentages of subjects who 
have basal metabolic rates within certain ranges as calculated by 
the Du Bois and by the Harris and Benedict methods. <A study of 
this table reveals the fact that the basal metabolic rates, as 
alculated by the Du Bois method, are more often between —5 
and +5 per cent, between —10 and +10 per cent, and between 
— 15 and + 15 per cent than by the Harris and Benedict method. 

As we have said, if repeated tests were made a considerable 
number of the determinations plotted in the charts above the zero 
line would be from 1 to 5 points lower; while a smaller proportion 
of those below that line would be lowered but less on the average. 
There is some evidence to indicate that possibly the absolute level 
of the Du Bois age and sex standards is slightly too high; how- 
ever, at the present time there are not sufficient data available to 
warrant their alteration. In our opinion the correlation study of 
Harris and Benedict has confirmed the accuracy of the Du Bois 
height-weight factors independently of any theoretic considera- 
tions with regard to surface area so that the next improvement 
to be anticipated is in the age-sex factors. 


SUMMARY. 


The charts and tables show the high percentage of persons who 
have normal basal metabolic rates according to the Du Bois 
standards, unless they are suffering from some specific disease 
characterized by an alteration in the basal metabolism. The 
limitations of the basal metabolic rate as a diagnostie aid can 
likewise be evaluated. As the clinical significance of abnormal 
basal metabolic rates will be treated in detail in other publications, 
we shall not here discuss this phase of the subject, except to point 
out that the data here presented are evidence to the effect that the 
basal metabolic rate differentiates diseases into those with in- 
creased, normal, and decreased metabolism as sharply as the 
temperature divides diseases into the febrile and afebrile groups. 
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The two points we wish especially to emphasize are; first, that a 
high percentage of persons has a basal metabolic rate within +10 
per cent and a very high percentage within +15 per cent of the 
Du Bois standards for age and sex for each square meter of body 
surface provided the subjects have no definite disease that is 
characterized by a pathologic alteration in the rate of heat pro- 
duction; and second, that a smaller percentage of these same 
subjects has basal metabolic rates within the same limits when 
the Harris and Benedict standards are used. 


CONCLUSION. 


The Du Bois normal standards for age and sex based on calories 
for each square meter of body surface determined by the Du Bois 
height-weight formula are the best standards at present available 
for the prediction of the normal heat production, as shown by a 
study of the basal metabolic rate of 8,614 persons. 
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ON DIACETONE GLUCOSE. 


By P. A. LEVENE anp G. M. MEYER. 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 


(Received for publication, October 30, 1922. 


In a previous paper! it was reported that diacetone glucose 
and monoacetone benzylidene glucose on treatment with phos- 
phorus oxychloride yield two phosphoric esters, which seem to 
differ one from another by the allocation of the phosphoric acid 
radical. 

It was mentioned in this publication that additional and, if 
possible, more direct evidence of the structure of diacetone glucose 
and of acetone benzylidene glucose is desirable before a final dis- 
cussion of the differences in the two phosphoric esters. 

Two views have been advanced regarding the structure of diace- 
tone glucose. According to the original view of Irvine and Scott,? 
the respective positions of the substituting groups were 1, 2 and 
3,5. Later, Macdonald,’ in Irvine’s laboratory, revised the theory, 
ascribing to the second substituting group, the position 5,6. Karrer 
and Hurwitz,‘ on the basis of very imperfect experimental evidence, 
came tothe same conclusion. On the other hand, Irvine and Hogg5 
have later reversed the conclusion of Macdonald and attributed to 
the second substituting group the position 3, 5. Thus, at present, 
the two views are still under discussion. 

The present communication contains direct evidence in favor 
of the theory that in diacetone glucose the positions of the ace- 
tone radicals are on carbon atoms 1, 2 and 5, 6. 


1 Levene, P. A., and Meyer, G. M., J. Biol. Chem., 1922, liii, 431. 
2 Irvine, J. C., and Scott, J. P., J. Chem. Soc., 1913, citi, 568. 

® Macdonald, J. L. A., J. Chem. Soc., 1913, ciii, 1896. 

4 Karrer, P., and Hurwitz, O., Helvetica Chim. Acta, 1921, iv, 728. 
5 Irvine, J. C., and Hogg, T. P., J. Chem. Soc., 1914, ev, 1386. 
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806 On Diacetone Glucose 


According to the theory of Irvine and Hogg’ the methylation of 
diacetone glucose should yield 6-methyl glucose. This on oxidation 
should yield 6-methyl gluconic acid, whereas according to the other 
theory 3-methyl saccharic acid should be obtained. On oxida- 
tion of the methyl] glucose prepared by us 1,4-anhydro-3-methyl 
saccharic acid of the following structure, was obtained. 


domi 


The reasons which led Irvine and Hogg to a different conclusion 
undoubtedly lie in the fact that they failed to obtain the oxidation 
product of monomethy] glucose in crystalline form. 

Work on the acetone benzylidene glucose is in progress.® 


EXPERIMENTAL. 


3-Methyl Glucose.—30 gm. of diacetone, which were prepared 
as previously described, were methylated with an excess of di- 
methyl sulfate by the method of Haworth,’ using 150 ce. of 30 
per cent sodium hydroxide and 90 cc. of dimethyl sulfate. The 
temperature of the bath was kept at 70°C. The product of 
methylation was extracted with ether, the ethereal solution dried 
with anhydrous sodium sulfate, and the ether removed under 
diminished pressure. The colorless syrup was converted into 
the free sugar. For this purpose it was dissolved (25 gm.) in 
400 ec. of 50 per cent alcohol containing 1.6 gm. of HCl, and 
heated in boiling water with reflux for 70 minutes. The acid was 
removed with silver carbonate, and the excess of silver with H.S. 
The filtrate was decolorized with charcoal and concentrated to a 
syrup under diminished pressure without heat. The syrup was 


6 At the proof-reading of this communication, the latest publication of 
Irvine and Patterson (Irvine, J. C., and Patterson, J., J. Chem. Soc., 1922, 
exxi, 2146) has reached us. In that publication they attribute to the diace- 
tone glucose the structure of a y-glucose. If that contention is further 
corroborated, the position 4 and not 3 will have to be assigned to the 
methyl group. 

™Haworth,W. N., J. Chem. Soc., 1915, evii, 8. 
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taken up in a small amount of dry methyl] alcohol and allowed to 
crystallize in an ice-alecohol cooling mixture. The crude product 


was recrystallized several times from methyl alcohol. The sub- 


stance was identical with that described by Irvine and Scott.? 
It melted at 158°. It had the following final optical rotation in 
water: 

_ +1.14° X 100 


id= 


The substance analyzed as follows: 


0.1030 gm. substance: 0.1638 gm. CO, and 0.0684 gm. H.O. 
Caleulated. C 43.30, H 7.22. 
Found. 43.36, 7.43. 


1,4-Anhydro-3-Methyl Saccharic Acid.—2 gm. of methyl glu- 
cose were dissolved in 50 ec. of 50 per cent nitric acid and allowed 
to stand at room temperature for 42 hours. The solution was 
then divided onto two clock-glasses and rapidly evaporated on a 
boiling water bath to complete dryness. This was moistened 
with 5 ce. of 50 per cent nitric acid and again evaporated to dry- 
ness. The residue was then evaporated twice with 5 ec. of water. 

The dry material was taken up in acetone and ether from 
which it was obtained erystalline. It sintered and turned dark 
at 190° and melted at 206—207°C. 

The substance had the following optical rotation: 


lal” = +0.15° & 100 


= +15° 


The substance analyzed as follows: 


0.1077 gm. substance: 0.1612 gm. COz and 0.0490 gm. H.O. 
C7Hi907. Caleulated. C 40.76, 4.89. 
Found. 40.81, 5.09. 

0.1006 gm. of substance dissolved in water required for immediate 
titration 5.4 cc. of 0.1 N alkali (phenolphthalein as indicator). On allowing 
this solution to stand for 1 hour with an excess of 0.1 N NaOH, 10.2 ce. of 
0.1 N alkali were utilized. The theory for the lactone requires 4.85 ce. of 
0.1 N alkali and for the dibasie acid 9.70 ec. of 0.1 N alkali. 
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INTRODUCTION OF BENZYLIDENE-1-ETHYL-2- 
DIAZOGLUCONATE. 


By P. A. LEVENE. 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 


(Received for publication, October 28, 1922. 


It was previously reported that benzylidene-1l-ethyl-2-diazoglu- 
conate, on treatment with acetic acid, with dry hydrogen chloride, 
and with dry hydrogen bromide, is transformed, respectively, into 
the benzylidene esters of gluconic, chloromannonic, and bromoman- 
nonic acids.!. In no instance could the epimers of these substances 
be detected. In the present communication are reported the re- 
duction experiments with aluminum amalgam. Two products 
are obtained as a result of this reaction; one is benzylidene-ethyl- 
chitosaminate and the other 5,6-benzylidene-1-ethyl-2-desoxy- 
gluconate (mannonate). The formation of the chitosamine de- 
rivative took place apparently asymmetrically, as the crude 
product, judging from its optical rotation, contained no traces 
of its epimer. The reaction proceeded in the following way: 


COOC.H; COOC:Hs COOC:Hs 
GC H, |! NH, 
| 
OH C H | N OH CH 
HC OU OH 
H OH 
H C——oO 
H C——O \ 
| CHC H, 
CHC.Hs 
H, H, 
H, 


The desoxygluconic derivative was found identical with the 
product obtained earlier by the reduction of 5,6-benzylidene-1- 


‘Levene, P. A., J. Biol. Chem., 1922, liii, 449. 
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ethyl-2, 3-anhydromannonate. The formation of the two products 
in our experiments is noteworthy in connection with the experi- 
ence of Staudinger and his coworkers.2, On reduction of diazo- 
acetic ester with aluminum amalgam they observed the formation 
of only one product; namely, glycine ester. On the other 
hand, on reduction with hydrogen gas in the presence of palla- 
dium, only ethyl acetate was formed. 

As regards the mechanism of the formation of the desoxy 
derivative the following possibility had to be considered. It had 
been mentioned! that the same substance was formed on the reduc- 
tion of the anhydro derivative of the following composition: 


CH, -CH- CH OH - CH OH - COH = CH - COOC,H:;* 
O 
CHCeHs 


Since the aliphatic diazo derivatives readily lost nitrogen with 
the formation of an unsaturated derivative it was necessary to 
test whether on reduction with aluminum amalgam the desoxyv 
derivative was formed through the intermediate formation of the 
unsaturated derivative. In view of this possibility it was 
attempted to reduce with aluminum amalgam the 5,6-benzy- 
lidene-l-amino-2,3-anhvdrogluconate. The result, however, was 


negative. 
EXPERIMENTAL, 


Reduction of Benzylidene-1-Ethyl-2-Diazogluconate (Manno- 
nate).—The reduction was accomplished by means of freshly pre- 
pared aluminum amalgam in a solution of the diazo derivative 
in isopropyl aleohol. The diazo derivative (10 gm.) is dissolved 
on the boiling water bath in the solvent (100 ec.) and to the warm 
solution 1.0 gm. of freshly prepared amalgam is added. A mild 
evolution of gas sets in immediately and subsides in about 3 hours. 
The reaction product is then filtered and a new lot of amalgam 


-2 Staudinger, H., Gaule, A., and Siegwart, J., Helvetica Chim. Acta, 
1921, iv, 212. 

* The substance should be graphically presented in this form and not 
as on page 452, Vol. liii of this Journal. The error was overlooked in 


proof-reading. 
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added. As a rule three renewals of the amalgam were required 
to complete the reduction. Evolution of ammonia gas was 
noted soon after the beginning of the reaction. After the re- 
duction was completed the clear filtrate from the aluminum was 
concentrated under diminished pressure, and the residue, at first 
svrupy, on standing turned into a crystalline mass. This was 
transferred into an evaporating dish by means of warm ether 
in which the residue dissolved readily. On standing it soon 
crystallized in long prismatic needles. The yield of crystalline 
material was 1.0 gm. for each 10 gm. of the original material. 
From the mother liquor further crops could be obtained. This, 
however, was not done, so as not to affect the maximum vield 
of the chitosaminic acid derivative contained in the filtrate. 

The crystals were found insoluble in water and in dilute aqueous 
mineral acids, but very soluble in ether, alcohol, methyl alcohol, 
and acetone. For analysis it was recrystallized out of ether. It 
melted at 124°C. (corrected) and analyzed as follows: 


0.1014 gm. substance: 0.2272 gm. CO. and 0.0620 gm. H.O. 
Caleulated. C 60.81, H 6.76. 
Found. 61.10, 6.84. 


The rotation of the substance was: 


_ — 0.562 X 100 _ 


la], = 1x2 — 28.0° 


Thus this substance was identical with the benzylidene-1l-ethy]- 
2-desoxygluconate described in a previous publication. The mother 
liquor contained the derivative of chitosaminic acid. The original 
mother liquor was taken up in 100 ce. of 2 per cent sulfuric acid 
and placed on a water bath until all the ether was evaporated 
and all the benzaldehyde settled out on the bottom of the flask 
as a yellow oil. The reaction product was cooled, the benzalde- 
hyde extracted with ether, and the remaining aqueous layer 
allowed to stand over night with a slight excess of baryta water. 
The excess of barium was then removed quantitatively with 
sulfurie acid. The combined mother liquors of two experiments 
of 10.0 gm. each, were analyzed for amino nitrogen and showed 
after -+ minutes shaking 0.090 em. of nitrogen, equivalent to 
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1.26 gm. of chitosaminie acid. This aqueous solution was con- 
centrated under diminished pressure to a thick syrup, which was 
transferred to a small beaker by means of a little methyl alcohol. 
To the solution methyl aleohol was added until a small sticky 
precipitate appeared. The beaker was placed on a water bath 
and the contents were stirred until the chitosaminie acid began to 
erystallize. The yield of the crystalline material was 0.60 gm. 
This material without further purification had the optical rotation: 
[e]?= —15.0° thus showing that it consisted only of chitosaminic 
acid without any admixture of its epimer. For purification the 
combined material obtained from 60 gm. diazo compound was 
recrystallized twice from dilute methyl alcohol. The final sub- 
stance analyzed as follows: 


0.0200 gm. were dissolved in 5 ec. of water. 
2 cc. of this solution: (Van Slyke) 1.07 ce. N»2 at 26°C., 757.4 mm. 
CsHi;NO;. Calculated. N 7.18. 
Found. 7.3. 


Its optical rotation was: 


 —0.15° X 100 


In order to test the purity of the diazo derivative the substance 
(20.0 gm.) was hydrolyzed with dilute sulfuric acid and treated 
in exactly the same manner as described above. The resulting 
solution showed the presence of 0.003 gm. of nitrogen, practically 
a negligible quantity. 

Reduction of Benzylidene-1-A mino-2, 3-Anhydrogluconate (Man- 
nonate).—The substance (5.0 gm.) was dissolved in 300 ce. of 
isopropyl alcohol and freshly prepared aluminum amalgam was 
added (1.0 gm.). Only a slight evolution of gas was noted. 
After 2 hours the reaction product was filtered and to the filtrate 
another portion of aluminum amalgam was added. ‘The flask 
was allowed to stand over night, and the clear filtrate concen- 
trated. The residue ervstallized in the distilling flask. The 
residue was dissolved in hot ether and transferred to a crystalliz- 
ing dish. The substance crystallized very soon and was filtered 
off after several hours. The mother liquor on evaporation gave 


| 
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a very insignificant residue. The crystalline material melted 
at 230°C. and analyzed as follows: 
6.1068 em. substance: 0.2308 gm. CO, and 0.0564 gm. HL.0. 
Ci3H,;NO;. Caleulated. C 58.84, TL 5.70. 
Found. ** 58.90, ‘* 5.90. 
The optical rotation was: 


[a], = O00" 
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and GAEBLER) 

579 


Creatine n-butyl ester hydro- 
chloride: 
Preparation and 
YODER) 672 
Creatine ethyl ester hydro- 
chloride: 
Preparation and 
YODER) 672 
Creatine methyl ester hydro- 
chloride: 


(Dox 


(Dox 


Preparation (Dox and 
YODER) 671 
Creatinine: 


Blood of marine fish, con- 
tent of (DENIs) 


Creatinuria: 
Age, effect of (HARDING 
and GAEBLER) 
583 


Sex, effect of (HARDING 
and GAEBLER) 
583 


| 
| 
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Cunner: 
Blood, non-protein nitro- 
gen of (DENIs) 
694 


Cunninghamella: 
sp., pentoses, fermentation 
of, by (PETERSON, FRED, 
and ScHMIDT) 21 
Cystine: 
Protein of tubercle bacilli, 
content of (JOHNSON and 


Brown) 729 

Urine, determination in 
(LOONEY) 171 

Cytosine: 

Tuberculinic acid, isolation 
from (JOHNSON and 
Brown) 734 

D 
Diabetes: 


Ketogenic-antiketogenic 
balance, significance of 
(SHAFFER) 399 

Diacetone glucose: 

Constitution (LEVENE and 
MEYER) 805 

Methylation (LEVENE and 
MEYER) S06 

Diazo compounds: 

Aliphatic, asymmetry of 

(LEVENE and MIKEsKA) 
101 
Diazodiethyl succinate: 

Benzoyldiethyl malate, 
conversion into (LEVENE 
and MIKEsKA) 


101 

Diet: | 
Acid-forming, calcium me- 
tabolism, effect on 
(BoGERT and  KIRK- 
PATRICK) 375 


Base-forming, calcium me- 


tabolism, effect on 
(BoGeRT and _ KIRK- 
PATRICK) 379 


Index 


Diet—continued: 

Calcium distribution in 
body in rickets, effect on 
(McCann Bar- 
NETT) 203 

Ketogenic balance, effect 
on (SHAFFER) 436 

Phosphorus distribution in 
body in rickets, effect 
on (McCann and Bar- 
NETT) 203 

Rickets, effect on (McCo1- 
LUM, SIMMONDS, BECKER, 
and SHIPLEY) 249 

Diethyl butylethylmalonate: 

Preparation (LEVENE and 

TAYLOR) 353 
Diethyl butylheptylmalonate: 
Preparation (LEVENE and 


TAYLOR) 358 
Diethyl malate: 
Benzoic acid, action of 


(LEVENE and MIKESKA) 

103 

Diethyl 1-methylheptylmalon- 
ate: 

Preparation (LEVENE and 


TAYLOR) 399 
Dihydrostrophanthidin : 
Preparation (JAcoBs and 
HEIDELBERGER) 
259 
Dihydrostrophanthidin _ ben- 
zoate: 
Preparation (JAcoBs and 
HEIDELBERGER) 
261 
Disease: 


Basal metabolic rate, dif- 
ferentiation by (BooTH- 

BY and SANDIFORD) 
801 
Disodium hydrogen phosphate: 
Blood composition, effect 


on (TISDALL) 36 
Tetany production, effect 
on (TISDALL) 36 


| 


Subjects 


Dogfish: 
Blood, non-protein nitro- 
gen of (DENIs) 


694 
Du Bois method: 
Basal metabolic rate 
(BooTHBy and Sanpi- 
FORD) 761 
Dusky shark: 


Blood, non-protein nitro- 
gen of (DENIS) 


694 
E 
Edestin: 
Tryptophane content (May 
and Rose) 
215 
Egg albumin: 
Tryptophane content (May 
and Rose) 
215 


Emotional excitation: 
Saliva, human, hydrogen 


ion concentration of 

(STARR) 62 
Enzymes: 

Proteolytic, of — spleen 

(HEDIN) 177 
Epinephrine: 

Sodium iodoxybenzoate 


and, alkaline reserve, ef- 


fect on (Tatum = and 

ATKINSON) 337 
Erepsin: 

Spleen, presence in 

(HeEpIN) 178 
Ether: 


Blood sugar, effect on 
(Tatum and ATKINSON) 


342 

Ethyl 2-butylnonylate: 
Preparation (LEVENE and 
TAYLOR) 358 

Ethyl 2-ethylhexylate: 
Preparation (LEVENE and 
TAYLOR) 304 


2-Ethylhexanol: 


Preparation (LEVENE and 
TAYLOR) 
2-Ethylhexylic acid: 
Preparation (LEVENE and 
TAYLOR) 
2-Ethylhexyl iodide: 
Preparation (LEVENE and 
TAYLOR) 354 
Ethyl 3-methylnonylate: 
Preparation (LEVENE and 
TAYLOR) 356 
F 
Fasting: 
Blood chloride content, 


effect on (UNDERHILL 
and WAKEMAN) 
705 


— hemoglobin content, ef- 
fect on (UNDERHILL and 
WAKEMAN) 705 

—, inorganic ions of, ef- 
fect on (Gross and 
UNDERHILL) 108 

Urinary composition in 
rabbits, effect on (UNDER- 
HILL and KapsiInow) 

718 
Fat: 

Ketogenic-antiketogenic in- 
fluence (SHAFFER) 

405 


Tubercle bacilli, content 

of (JOHNSON and Brown) 
724 
Feces: 

Calcium content, acid- and 
base-forming diets, ef- 
fect of (BoGcEerT and 
KIRKPATRICK) 380 

after butter fat 
feeding (BoGEeRT and 
TRAIL) 387 
— — — ealcium lactate 
(Bogert and McKir- 
TRICK) 363 
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832 Index 


Feces—continued: 
Caleium content, after 
magnesium citrate (Boc- 
ERT and McKirrrick) 
363 
veast, effect of 
(BoGERT and TRAIL) 
387 
Magnesium content after 
butter fat feeding 
(BocerT and TRAIL) 
753 
— — — ecalcium lactate 
(BocerRT and MckKir- 
TRICK) 363 
— — — magnesium citrate 
(Bogert and MckKir- 
TRICK) 363 
— — — yeast feeding 
(BocertT and TRAIL) 
753 
Phosphorus content after 
butter fat feeding 
(BocerRT and TRaIL) 
753 
— — — yeast feeding 
(BoGERT and TRAIL) 


753 
Fermentation: 

Pentoses by molds (PETER- 
SON, FRED, and 
SCHMIDT) 19 

Folin-Wu method: 


Blood sugar, comparison 
of, with Benedict method 
(CsonKA and TAGGART) 


1 

Formaldehyde: 
Urie acid compound 
(FouIN) 156 


Formic acid: 
Methyl alcohol poisoning, 
excretion in (BENEDICT 
and Harrop) 449 
Urine, determination in 
(BENEDICT and HAarRRop) 
443 


Formic acid—continued: 
Urine, occurrence in (BENE- 
pict and Harrop) 


446 
Fructose: 
Glucose mixture, analysis 
of (CAJORI) 622 
Iodine, reaction with 
(CAJORI) 618 
Fuconic amide: 
Preparation (CLARK) 
Fucose: 
Preparation (CLARK) 
Structure (CLARK) 
65 
G 
Gliadin: 
Tryptophane content 
(May and Rose) 
215 


Glucose: 
Determination by means of 
iodine (CAJORI) 
621 


Fructose, determination in 
mixture of (Casort) 


622 
Iodine, reaction with 
(CAJORI) 618 


Molds, fermentation by 
(PETERSON, FRED, and 


SCHMIDT) 24 

Sucrose mixture, analysis 

of (CAJORI) 622 
Glutathione: 


“Atmungskorper,” relation 
to (HorkINs and Drxon) 
540 
Methylene blue, reduction 
of, by (Horxins and 
Drxon) 529 
Oxidation-reduction —sys- 
tem, thermostable (Hop- 
KINsS and Drxon) 


527 
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Subjects 833 


Glutathione—continued: 
Respiratory systems of tis- 
sues, relation to (Hop- 

KINS and Drxon) 


538 
Stability (Horkins and 
Drxon) 937 


Gluten: 
Maize, tryptophane con- 
tent (May and Rosr) 


215 
Glutenin: 
Tryptophane content (May 
and Rose) 
215 
Glycinin: 


Tryptophane content (May 
and Rose) 


Growth: 
Yeast dosage and (Os- 
BORNE and MENDEL) 
739 


215 


H 


Harris and Benedict method: 
Basal metabolic rate 
(BooTtuBy and SANpDI- 
FORD) 767 
Heat production: 
Age, relation of (BooTHBy 
and SANDIFORD) 
776 


Sex, relation of (BooTHBy 
and SANDIFORD) 
778 


Surface area, relation to 

(BootHoBy and SAnNpI- 

FORD) 767 
Hemoglobin: 

Blood content after fasting 

(UNDERHILL and WAKE- 

MAN) 705 

hemorrhage 

(UNDERHILL and WAKE- 

MAN) 704 


Hemoglobin—continued: 

Blood content of fasting 
rabbits, sodium chloride, 
effect of (UNDERHILL and 
WAKEMAN) 

— — — fasting rabbits, 
sodium tartrate, effect of 
(UNDERHILL and WAKE- 
MAN) 705 

Buffer value (Dotsy, 
Briaes, Earon, and 


CHAMBERS) 
309 
Reduced, —_alkali-binding 
value SLYKE, 


HastiInGcs, HEmELBER- 
GER, and NEILL) 


481 

—, buffer value (VAN 

SLYKE, HASTINGS, 

HEIDELBERGER, and 

NEILL) 481 
Hemolysis: 


Gas and electrolyte equi- 
libria in blood, effect on 
(AusTIN, CULLEN, Hast- 
INGS, McLEAN, PETERS, 
and VAN SLYKE) 

127 
Hemorrhage: 

Blood chloride content, ef- 
fect on (UNDERHILL and 
WAKEMAN) 

704 


— hemoglobin content, ef- 
fect on (UNDERHILL and 


WAKEMAN) 704 
Histamine: 
Blood concentration in 


rabbit, effect on (UNDER- 
HILL and Rots) 
607 
Histidine: 
Protein of tubercle bacilli, 
content of (JOHNSON and 
Brown) 729 


| 
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Humin: 
Protein of tuberele bacilli, 
content of (JOHNSON and 


Brown) 729 
Hydrocarbons: 
Tertiary, oxidation of 


(LEVENE and TAayLor) 
351 
Hydrochloric acid: 
Alkali, titratable, of blood, 
effect on (GREENWALD 


and LEWMAN) 275 
Ether hyperglycemia, ef- 
fect on (Tatum and 
ATKINSON) 344 
Spleen enzymes, action on 
(HEpIN) 187 


Hydrogen ion concentration: 
Colorimetric readings, con- 
version chart for (Mc- 


(CLENDON) 647 
Saliva, dilution, effeet of 
(STARR) 


—, human, alveolar carbon 
dioxide, effect of (STaRR) 
56 
—, deep breathing, 
effect of (STARR) 
59 
—, —, emotional excita- 
tion, effect of (STarR) 


—, —, mixed (STARR) 


—,—-, sodium bicarbonate, 
effect of (STARR) 56 

Serum, phosphoric acid, 
effect of (TIsDALL) 


Hydrogen peroxide: 

Tissue, reducing power, ef- 
fect on (Hopkins and 
Dixon) 533 

Hyperglycemias: 

Drug, asphyxia, relation of 

(Tatum and ATKINSON) 


Index 


Hyperglycemias—continued: 


Epinephrine, sodium 
iodoxybenzoate, effect 
of (Tatum and ATKIN- 
SON) 347 

Ether, alkali, effect of 
(Tatum and ATKINSON) 

344 


—, hydrochloric acid, ef- 


fect of (Tatum and 
ATKINSON) 344 
I 
Indole: 


Nitrogen metabolism of 
rabbit, effect on (UNDER- 
HILL and Kapsinow) 


717 
Iodine: 

Fructose, reaction with 
(CAJORI) 618 
Glucose, oxidation of 
(CAJORI) 618 
Maltose, reaction with 
(CAJORI) 625 
Organic, iodine content of 
hyperplastic thyroid 
gland, effect on (VAN 
12 
Thyroid gland, distribu- 
tion hyperplastic, 


after intravenous injec- 

tion of iodine compounds 

(VAN Dyke) 11 
Isoquercitrin : 

Maize, brown-husked, iso- 

lation from (SANDO and 


BARTLETT) 
636 
Isostrophanthidin : 
Preparation (JAcoBs and 
HEIDELBERGER) 
261 


Isostrophanthidin benzoate: 
Preparation (Jacobs and 
HEIDELBERGER) 


261 
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62 
49 
| 
| | 
| | 


Subjects 835 

K Lysine: 

Ketogenic-antiketogenic __ bal- Protein of tubercle bacilli, 

ance: content of (JOHNSON and 

Diabetes, significance in Brown) 729 
(SHAFFER) 399 M 

Ketogenic balance: 

Factors influencing (SHar- fect of (Gross and 

FER) 436 UNDERHILL) 108 

Practical significance — —, parathyroidectomy, 

(SHAFFER) 435 effect of (Gross and 

Ketosis: UNDERHILL) 109 

Threshold (SHAFFER) Colorimetrie determina- 

433 tion (HAMMETT and 

ADAMS) 

L Metabolism, butter fat, 

effect of (BoGrerr and 

ac umin: TR AIL) 753 

Tryptophane content —, calcium lactate, effect 

(May and Ross) of (Bogert and McKir- 

215 TRICK) 363 


Lactic acid: 
Alkali, titratable, of blood, 
effect on (GREENWALD 


and LEwMAN) 275 
Lactose: 
Cat, metabolism by 


(PUCHER and Cort) 
Lard: 
Vitamine A content (MAL- 
LON and CLARK) 
763 


Lecithins: 
Brain, unsaturated fatty 
acids of (LEVENE and 


Rour) 99 
Legumin: 
Tryptophane content 
(May and Rose) 
215 
Lithium oxalate: 
Blood clotting, prevention 
of 


Preparation (Four) 


—, magnesium citrate, ef- 
fect of (BoGERT and 
McKirrrick) 363 

—, yeast, effect of (BoGrERT 
and TRAIL) 753 

Rat tissue, content of 
(BUCKNER and PETER) 

7 
Magnesium citrate: 

Calcium metabolism, ef- 
fect on (BoGERT and 
MckKitrrrick) 363 

Magnesium metabolism, ef- 
fect on (BoGerRr and 


McKrrrrick) 363 
Maize: 

Mendelian color types, 
pigments of (SANDO and 
BARTLETT) 629 

Maltose: 

Iodine, reaction with 

(CAJORI) O25 
Menhaden: 


Blood, non-protein nitro- 
gen of (DENTs) 


| 

| 
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$36 
Metabolism: 
Calcium (BoGerT- and 
363 
—, acid and base-forming 
diets, effect of (BoGERT 
and KIRKPATRICK) 
375 
—, butter fat, effect of 
(Bogert and TRAIL) 
387 
—, veast, effect of (BOGERT 
and TRAIL) 387 
Inorganic (BoGEeRT and 
TRAIL) 753 
— salts (Gross and 
UNDERHILL) 105 
Lactose by cat (PUCHER 
and Cort) 577 
Magnesium (BoGERT and 
McKIrrrick) 363 
Milk by cats (PucHER 
and Cort) 567 


Nitrogen, indole, effect of 
(UNDERHILL and KaApsI- 
717 

'—, skatole, effect of (UN- 
DERHILL and KapsiInow) 
717 

Methyl alcohol: 

Poisoning, formic acid ex- 
cretion in (BENEDICT 
and Harrop) 

449 
5-Methyl-dodecane: 

Preparation (LEVENE and 
TAYLOR) 309 

Methylene blue: 

Glutathione, reduction by 

(Hopkins and Drxon) 


529 
3-Methylglucose: 
Diacetone glucose, prepa- 
ration from (LEVENE 
and MryeEr) 806 
3-Methylheptane: 
Preparation (LEVENE and 
TAYLOR) 


Index 


3-Methylnonane: 
Preparation (LEVENE and 
TAYLOR) 356 
5-Methylnonane: 
Oxidation (LEVENE and 
TAYLOR) 359 
Preparation (LEVENE and 
TAYLOR) 357 
3-Methylnonanol: 
Preparation (LEVENE and 
TAYLOR) 356 
3-Methylnonylic acid: 
Preparation (LEVENE and 
TAYLOR) 306 
3-Methylnonyl iodide: 
Preparation (LEVENE and 
TAYLOR) 356 


Methyl tetronic acid lactone: 
Preparation from fucose 
(CLARK) 70 
Methyl tetronic amide: 
Preparation (CLARK) 


Milk: 
Metabolism by cats 
(PucHER and Cort) 

567 


71 


Mineral matter: 
Rat tissue, content of 
(BUCKNER and PETER) 


5 
Mold: 

Glucose, fermentation of, 

by (PrTeRSON, FRED, 

and SCHMIDT) 24 
Growth produced from 
xylose (PETERSON, FRED, 

and SCHMIDT) 25 
Pentoses, fermentation of, 

by FRED, 


and ScHMIDT) 19 
Muscle: 

Marine fish, amino nitro- 

gen content (DENIS) 

698 


Mustelis canis: 
See Dogfish. 


| 

| 


Subjects 837 
Mycelium: Oleic acid—continued: 

Composition, elementary Lecithin, brain, isolation 
(PETERSON, FRED, and from (LEVENE- and 
SCHMIDT) 30 RourF) 99 

Myoxocephalus zenems: Ovovitellin: 
See Sculpin. Tryptophane content 
(May and Ross) 
N 215 
Oxalates: 
Nitrogen: Alkali, titratable, of blood, 

Amino, of blood and mus- effect on (GREENWALD 
cle of marine fish aud LewMAn) 972 
(DENIs) 698 Oxygen 

Metabolism, indole, effect Tension and blood content 
of (UNDERHILL = and of carbon dioxide 
KApPsINow) 717 (Perers, CULLEN, and 

—, skatole, effect of (UN- AUSTIN) 150 


DERHILL and KapsInow) 
717 
Non-protein, of blood of 
marine fish (DENIs) 
694 
Protein of tubercle bacilli, 
distribution in (JOHN- 
son and Brown) 
729 
Nitron: 
Blood alkalinity, use in 
determining (GREEN- 
WALD and LEwMAN) 
266 
Nucleic acid: 
Tubercle bacilli (Jounson 
and Brown) 721 
Nutrition: 
Vitamine B, réle of (Os- 
BORNE and MENDEL) 
739 
Yeast, amount of, and 
(OSBORNE and MENDEL) 
739 


O 


Oleic acid: 
Cephalin, brain, isolation 
from (LEVENE and 
RourF) 96 


Tissue, uptake by, gluta- 
thione, effect of (Hop- 
KINS and Drxon) 

536 


Oxygen unsaturation: 


Blood, effect on (Doisy, 
Briacs, Earon, and 
CHAMBERS) 

310 

Jsohydrie correction 
(Dotsy, Briacs, Eaton, 
and CHAMBERS) 314 

Oxyhemoglobin: 

Alkali-binding value (VAN 
SLYKE, HaAstinas, 
DELBERGER, and NEILL) 

481 

Buffer value (VAN SLYKE, 
Hastincs, HEIDELBER- 
GER, and NEILL) 

| 481 
Pp 
Paraffin : 

Hydrogen ion concentra- 
tion of saliva, effect on 
(STARR) 49 

Parathyroidectomy : 

Blood composition, effect 
on (Gross and UNDER- 
HILL) 108 


| 


838 


Penicillium: 
camemberti, pentoses, fer- 
mentation of, by 
(PETERSON, FRED, and 
SCHMIDT) 21 
glaucum, earbon dioxide 
from xvlose by (PETER- 
SON, FRED, and 
SCHMIDT) 29 
—, elementary composi- 
tion (PETERSON, FRED, 
and ScHMIDT) 30 
—, pentoses, fermentation 
of, by (PETERSON, FREp, 
and SCHMIDT) 21 
— I, pentoses, fermentation 
of, by (PETERSON, FRED, 
and SCHMIDT) 21 
roqgueforti, pentoses,  fer- 
mentation of, bv 
(PETERSON, FRED, and 
SCHMIDT) 21 
sp., pentoses, fermentation 
of, by (PETERSON, FRED, 
and ScuMIDT) 21 
Pentoses: 
Fermentation 
(PETERSON, 
SCHMIDT) 
Phaseolin: 
Trvptophane content 
(May and Rose) 


molds 
and 
19 


by 
FRED, 


215 
Phosphoric acid: 

Blood composition, effect 

on (TISDALL) 30 
Phosphorus: 

Balanee in milking cow, 
alfalfa hay, effect of 
(Hart, Sreensock, Hop- 
PERT’, Beruke, and 
HUMPHREY) 75 

— — — —, bone meal, 
effect of (Hart, STEEN- 

Bock, Hoprert, BETHKE, 


and HUMPHREY) | 
S 


Index 


Phosphorus—continwed: 


Balance in milking cow 
timothy hay, effect of 
(HART, SrEENBOCK, Hop- 
PERT, BeTuKE, and 
HvuMPHuREY) 78 

Blood content, alfalfa hay, 
effect of (Hart, STEEN- 
Bock, Hoprert, BETHKE, 
and Humpurey) 82 

— —, fasting, effect of 
(Gross and UNDERHILL) 

108 

— —, parathyroidectomy, 
effect of (Gross and 
UNDERHILL) 109 

— —, timothy hay, effect 
of (HART, STEENBOCK, 
Hoppert, Beruke, and 
HUMPHREY) 82 

Distribution in body in 
rickets (McCANN and 
BARNETT) 203 

Metabolism, butter fat, ef- 
fect of (BoGrrr and 
TRAIL) 753 

—, yeast, effect of (Bo- 
GERT and TRAIL) 

753 


Rat tissue, content of 
(BUCKNER and PETER) 


Serum content, disodium 
hydrogen phosphate, ef- 
feet of (TIspALL) 

36 
—, phosphoric acid, 
effect of (TispALL) 


36 
Picric acid: 

Alkalinity of blood, effect 
on determination — of 
(GREENWALD and LEw- 
MAN) 271 


Purification for creatinine 
(BENE- 
239 


determinations 
DICT) 
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Subjects 


Pigments: 
Maize, Mendelian color 
types (SANbDO and Bart- 
LETT) 629 
Pilocarpin: 
Blood concentration in 


rabbit, effect on (UNDER- 
HILL and Rorn) 


Plasma: 
Venous blood, carbon di- 
oxide content (Dotsy 


607 


and BECKMANN) 689 
Potassium : 

Blood content, fasting, ef- 
fect of and 
UNDERHILL) 108 

— —, parathyroidectomy, 
effect of (Gross and 
UNDERHILL) 109 

Metabolism (Gross and 
UNDERHILL) 118 


Rat tissue, content of 
(BUCKNER and PETER) 


7 
Potassium iodide: 


Iodine distribution in thy- 


roid gland, effect on 
(vAN Dyke) 12 
5-Propylnonane: 
Preparation (LEVENE and 
TAYLOR) oot 
a-Protease: 
Spleen, presence in 
(HEDIN) | 178 
B-Protease: 
Spleen, presence in 
178 
Protein: 


Ketogenic-antiketogenic 
influence (SHAFFER) 
405 
Tryptophane content 
(May and Rosg) 
213 
Tubercle bacilli (JoHnson 
and Brown) 729 


839 


Protein precipitants: 
Chloride determination, ef- 
fect on (GREENWALD and 
Gross) 589 


R 


Rat tissue: 
Mineral content (BucK- 


NER and PETER) 5 
Resorcinol : 
Urie acid determination, 


effect on (Foutn) 
162 
Respiratory systems: 
Glutathione, relation of 
(Horkins and Drxon) 


538 

Rhizopus: 
nigricans, pentoses, fer- 
mentation of, by (PETER- 
SON, FRED, and ScHMIDT) 


21 
d-Ribose: 

Uric acid complex in blood 
(Davis, Newton, and 
BENEDICT) 598 

Rickets: 

Calcium distribution in 
(McCann Bar- 
NETT) 203 

Phosphorus distribution in 
(McCann Bar- 
NETT) 203 


Purified food substances, 
production by (McCo.- 
LUM, SIMMONDs, BECKER, 
and SHIPLEY) 249 


Saccharomyces cerevisiz: 
See Yeast. 
Saccharomyces ellipsoideus: 
See Yeast. 
Saliva: 
Human, hydrogen ion con- 
centration, alveolar car- 


840 Index 


Saliva—continued: 
bon dioxide, effect of 


(STARR) 56 
—, — — —, deep breath- 
ing, effect of (STARR) 

59 

—, — — —, emotional 
excitation, effect of 
(STARR) 62 
—, — — —, sodium bi- 
carbonate, effect of 
(STARR) 56 


—, mixed, hydrogen ion 
concentration of (STARR) 
49 
Hydrogen ion concentra- 
tion, dilution, effect of 
(STARR) 47 
Sand shark: 
Blood, non-protein nitro- 
gen of (DENIs) 694 
Sculpin: 
Blood, non-protein nitro- 
gen of (DENIs) 
694 


Serum: 
Composition, disodium hy- 
drogen phosphate, effect 


of (TISDALL) 36 
—, phosphorie acid, effect 
of (TISDALL) 36 

Sex: 
Creatinuria, effect on 
(HARDING and GAEB- 
LER) 583 


Heat production, relation 

to (BootHBy and SANpI- 

FORD) 778 
Skatole: 

Nitrogen metabolism of 

rabbit, effect on (UN- 

DERHILL and KaApsInow) 


717 

Skeleton : 
Rickets, composition in 
(McCann Bar- 


NETT) 203 


Sodium: 

Blood content, fasting, ef- 
fect of (Gross and 
UNDERHILL) 108 

— —, parathyroidectomy, 
effect of (Gross and 
UNDERHILL) 109 

Serum content, disodium 
hydrogen phosphate, ef- 
fect of (TispALL) 

36 


— phosphoric acid, 
effect of (TIspALL) 
36 


Tetany production, effect 
on (TISDALL) 


35 
Sodium bicarbonate: 
Blood alkali, effect on 
(GREENWALD) 
291 


Saliva, human, hydrogen 

ion concentration, effect 

on (STARR) 56 
Sodium carbonate: 

Alkali, titratable, of blood, 

effect on (GREENWALD 


and LEwMAN) 276 
Blood alkali, effect on 
(GREENWALD) 292 


Sodium chloride: . 
Blood chlorides of fastin 
rabbits, effect on (UN- 
DERHILL and WAKEMAN) 
708 
— hemoglobin of fasting 
rabbit, effect on (UN- 
DERHILL and WAKEMAN) 
708 
— volume of fasting rab- 
bits, effect on (UNDER- 
HILL and WAKEMAN) 
708 


Sodium cyanide: 
Alkaline reserve of blood, 
effect on (Tatum and 
ATKINSON) 333 


| 
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Sodium cyanide—continued: 


Blood sugar, effect on | 


(Tatum and ATKINSON) 
333 
Sodium iodoxybenzoate: 

Alkaline reserve of blood, 
effect on (Tatum and 
ATKINSON) 335 
Blood sugar, effect on 
(Tatum and ATKINSON) 
335 

Epinephrine and, alkaline 
reserve of blood, effect 
on (Tatum and ATKIN- 
SON) 337 
— hyperglycemia, effect 
on (Tatum and ATKIN- 


SON) 347 
Sodium salts: 
Toxicity, comparative 
(GREENWALD) 296 
Sodium tartrate: 


Blood chlorides of fasting 
rabbit, effect on (UN- 
DERHILL and WAKEMAN) 

705 

— hemoglobin of fasting 
rabbit, effect on (UN- 
DERHILL and WAKEMAN) 


705 
Spleen: 
Autolysis, acid, effect of 
(HeEpDIN) 190 
Enzymes, proteolytic 
(HEDIN) 177 
Stammerers: 


Saliva, hydrogen ion con- 
centration of (STARR) 
61 
Stearic acid: 
Cephalin, brain, isolation 
from (LEVENE- and 


Ro.r) 95 
Strophanthidin: 
Preparation (JAcoBs and 
HEIDELBERGER) 


255 


Strophanthidin benzoate: 
Preparation (JAcoBs and 
HEIDELBERGER) 257 
Strophanthidin p-bromoven- 
zoate: 
Preparation (JACOBS and 
HEIDELBERGER) 


257 

Strophanthidin p-bromophenyl- 
hydrazone: 

Preparation (JAcoss and 


HEIDELBERGER) 
259 
Strophanthidin oxime: 
Preparation (JAcoss and 
HEIDELBERGER) 
258 
Strophanthidin phenylhydra- 
zone: 
Preparation (Jacops and 
HEIDELBERGER) 258 
Sucrase: 
Banana (Fatk and Mc- 
GUIRE) 655 


Soluble and insoluble, re- 
lation of (FaLK and Mc- 
GUIRE) 655 

Sucrose: 

Fructose and, determina- 
tion of glucose’ in 
(CAJORI) 622 

Sugar: 
Blood. See Blood sugar. 
Surface area: 

Basal heat production, re- 
lation to (BooTHBy and 
SANDIFORD) 767 

Body, comparison of 
methods for determining 
(BooTHBY and SANDI- 
FORD) 767 


T 
Tantog: 
Blood, non-protein nitro- 
gen of (DENIs) 
69+ 


842 


Tantoga anitis: 
See Tantog. 


Tantogolabrus: 
See Cunner. 
Tetany: 
Alkalosis, relation of 
(GREENWALD) 285 


Calcium lactate, effect of, 
on (Gross and UNDER- 
HILL) 110 

Gastric, blood changes in 
(TISDALL) 40 

Parathyroid, organic ion 
balance of blood in 
(Gross and UNDERHILL) 

105 

Production, sodium ion, 

influence of (TISDALL) 


Thymine: 

Tuberculinic acid, isolation 
from (JOHNSON and 
Brown) 735 

Thyroid gland: 
Hyperplastic, iodine dis- 


tribution in, after intra- 

venous injection of io- 

dine compounds (VAN 

DYKE) 11 
Timothy hay: 

Calcium assimilation in 
milking cow, effect on 
(HART, STEENBOCK, Hop- 
PERT, BETHKE, and Hum- 
PHREY) 78 

— content of blood, effect 
on (HART, STEENBOCK, 
Hoprert, BETHKE, and 
HUMPHREY) 

Phosphorus’ balance in 
milking cow, effect on 
(HART, STEENBOCK, Hop- 
PERT, BETHKE, and Hum- 
PHREY) 78 

— content of blood, effect 
on (HART, STEENBOCK, 
Hoprert, BETHKE, and 
HUMPHREY) 82 


Index 


Tissues: 
Calcium content in rickets 
(McCann and Bar- 
NETT) 203 


Glutathione, function of, 

in (HopKINs and Drxon) 

527 

Oxygen uptake, gluta- 

thione, effect of (Hor- 
KINS and Drxon) 


536 
Phosphorus content in 
rickets (McCann and 


BARNETT) 203 
Reducing power, effect of 
drying on (Hopkins and 


Drxon) 530 
— —, — — hydrogen 
peroxide (Hopkins and 
Drxon) 533 


Titanous chloride: 
Blood alkalinity, use of, 
in determining (GREEN- 
WALD and LEWMAN) 
268 
“Total creatine coefficient:”’ 
Definition (HARDING and 


GAEBLER) 580 

Pathological conditions 

(HARDING and GAEB- 

LER) 585 
Toxicity : 


Ammonium salts (UNDER- 
HILL and Kapstnow) 


451 
Tryptophane: 
Colorimetric determina- 
tion (May and Rose) 
213 
Proteins, content of (May 
and Rose) 213 
Tubercle bacilli: 
Inorganic constituents 
(JOHNSON and Brown) 
725 


Nucleie acid of (JOHNSON 
and Brown) 


721 
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Tubercle bacilli—continued: 
Protein residue, nitrogen 
distribution in (JOHN- 
son and Brown) 
729 
Tuberculinie acid, prepa- 
ration of (JOHNSON and 
Brown) 731 
Tuberculinic acid: 
Pyrimidines of (JOHNSON 
and Brown) 731 
Tubercle bacilli, prepara- 
tion from (JOHNSON and 
Brown) 721 


U 
Urea: 
Blood of marine fish, con- 
tent of (DENIs) 694 
Uric acid: 
Blood, determination in 
153 
— of marine fish, content 
of (DENIs) 694 
Colorimetric determina- 
tions 160 
Combined, blood of vari- 
ous animals, presence in 
(NEWTON and Davis) 
603 
—, corpuscles of beef 
blood, content of (NEw- 
Ton and Davis) 


601 

—, in beef blood (Davis, 
NEWTON, and BENE- 
DICT) 595 
Determination (BENE- 
DICT) 233 
Formaldehyde compound 
(Fouin) 156 
d-Ribose complex in blood 
(Davis, Nrwron, and 
BENEDICT) 598 
Standard solution (BENE- 
DICT) 237 


(Foun) 156 


843 


' Urine: 


Calcium content, acid- and 
base-forming diets, ef- 
fect of (Bogrerr and 
KIRKPATRICK) 

380 

— — after calcium lactate 
(Bogert and MckKir- 
TRICK) 363 

— — — magnesium citrate 
(BocERT and McKir- 
TRICK) 363 

— —, butter fat, effect of 
(BoGerRT and TRAIL) 

387 

— -—, yeast, effect of 

(BocerT and TRAIL) 
387 

Cat, after milk feeding 
(PucHER and Cort) 

567 

—, bicarbonate content 
after milk diet (PUCHER 
and Cort) 


567 
(Cystine, determination of 
(LOONEY) 171 


Formie acid, estimation of 
(BenepictT and Harrop) 
443 
— —, occurrence of (BENE- 
pict and Harrop) 
446 
Magnesium content after 
butter fat feeding 
(BoGertT and TRAIL) 


753 

— — — e¢aleium lactate 
and Mckir- 
TRICK) 363 
— — — magnesium citrate 
(Bogert and MckKirt- 
TRICK) 363 


— — — yeast feeding 
(BoGert and TRAIL) 
793 
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Urine—continued: 

Phosphorus content after 
butter fat feeding 
(BoGERT and TRAIL) 

753 
yeast feeding 
(BocerRT and TRaIL) 

753 

Rabbit, composition, fast- 

ing, effect of (UNDER- 
HILL and KapsInow) 


718 

Reaction and ammonia 
excretion (HUBBARD and 
MUNFORD) 470 


Volume and ammonia ex- 
cretion (HUBBARD and 
MUNFORD) 470 


| V 
Vitamine: 

Calcium assimilation, ef- 
fect on (BoGERT and 
TRAIL) 387 

Dosage relation to 
growth (OsBORNE and 


MENDEL) 739 
Vitamine A: 
Lard content (MALLON 
and CLARK) 763 
Vitamine B: 
Nutrition, rédle in (Os- 
BORNE and MENDEL) 
739 
Yeast as source of, for 
rats (KENNEDY and 
PALMER) 217 
—, synthesis by (Mac- 
DONALD) 243 
W 
Water: 
Blood concentration,  ef- 


fect on, after water de- 


Index 


Water—continued: 

privation (UNDERHILL 
and Kapsinow) 

459 
Deprivation and _ blood 
concentration in the rab- 
bit (UNDERHILL and 
Roth) 607 


X 


Xylose: 

Carbon dioxide production 
from, by Aspergillus 
niger (PETERSON, FRED, 
and ScHMIDT) 27 

— — — from, by Penicil- 
liwm glaucum (PETERSON, 
FRED, and ScHMIDT) 


29 

Fermentation by molds 
(PETERSON, FRED, and 
SCHMIDT) 21 


Mold growth produced 
from (PETERSON, FRED, 
and ScHMIDT) 

25 


Y 


Yeast: 

Calcium metabolism, et- 
fect on (BoGEeRT and 
TRAIL) 387 

Dosage and growth (Os- 
BORNE and MENDEL) 

739 

Metabolism, inorganic, ef- 

fect on (BoGERT and 


TRAIL) 753 
Vitamine B, source of, for 
rats (KENNEDY and 
PALMER) 217 


— —, synthesis of (Mac- 
243 


DONALD) 
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